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(54)Tiae: BARRIER-COATED POLYESTER 
(57) Abstract 

This invention relates to articles made of polyester, piefer- 
ably polyethylene tercphthalaie (PET), having coated directly to 
at least one of the surfaces thereof one or more layers of thenno- 
plastic material widi good gas-banier characteristics^ and novel 
methods of makuig such articles. Preferably the banierM:oated 
articles take the fotm of prefonns coated tyy at least one layer of 
banrier materia] and -the container blow-molded there^m. SiK^h 
banier-coated containers are preferably of the type to hold bev- 
erages such as soft drinks, beer or juice. The prcfened barrier 
materials have a lower permeability to oxygen and cazbon diox- 
ide than PET as well as key physical properties similar to PET. 
The materials and methods provide that the barrier layers have 
good adherence to PET, even during and after the blow molding 
process to form containers from preforms. Prcfened barrier coat- 
ing materials include poly(hydroxyamino ethers). In one preferred 
method, preforms are injection molded then bairier'-coated imme- 
diately thereafter* 
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BARRIER-COATED POLYESTER 



BackoratindofthBlii^l^in 

This invemion rebtes to banier-coated poiyestm/preferably barrier coated polyethylene terepbthalate (PEI) and 
articles made therefrom. Preferably the barrier-^ated PET takes the form of preforms having at least one layer of a 
barrier material and the bottles Uownnolded therefrom. This invention further relates to methods of makmg artUes 
formed of barrnr coated polyester. 

The use of elastic containers as a replacement for glass or metal contamers in the packaging of beverages has 
become increashigly popular. The advamages of plastic packaging include fighterliveight decreased breakage as compared 
to glassr and potentially lower costs. The most common plastic used in making beverage containers today (s PET. Virgto 
PET has been approved by the FDA for use in comact with foodstuffs. Containers made of PET are transparent, thin- 
waOed, Gghtweight, and have the ability to mamtaia their shape by withstanding the force exerted on the walls of the 
conteiner by pressimzed coments, such as carbonated beverages. PET resins are also faWy inexpensive and easy to 
prpcess. 

Despite these advantages and its whiespread use^ there is a serious down^e to the use of PET in thin-waBed * 
beverage containers: pem»abiSty to gases such as cartion dfaucide and oxygen. These problems are of parthuilar 
importance when the bottle is smaL In a smaB bottler the ratio of surface area to volume is large whhdi aDows for a large 
surface for the gas conta'med within to diffuse through the waOs of the bottle. The permeabSty of PET bottles results in 
soft drinks that go "flat" due to the egress of carbon dioxide, as well as beverages that have their flavor spoiled due to the 
ingress of oiygen. Because of these problems. PET bottles are not suitable for all uses desired by industry, and for many 
of the existing uses, the shelf-life of liquids packaged in PET bottles is shorter than desffedL 

Although the plastic beverage container industry is large and competitive and the permeability problem vwth PET 
conteiners has been known since the inception of thdr use, there still is no good woricing solution to the penneabiBty 
problem. Attempts to produce contamers with barrier coatings have been heretofore largely unsuccessfti 

Most of the problem with producing coated comainers comes from the difficulty in findng suitable barrier 
materials. When most materials are placed on PET they wiR not adhere at all or they wil adhere so weakly that they will 
delaminate from the PET over a short period of thne or-under minimal stress. Examples of such materials are 
polyvinylchloridB IPVC) and polyvinylidene chloride (PVDC). Materials that do adhere to PET often do not have good barrier 
propenies or have other characteristics that do not make them swtable for use in a low-cost commercial barrier coated 
container. 

US. Patent No. 5,464,105 to Slat, et al, describes bottles formed from the blow moWng of preforms having a 
barrier layer. The barrier materials disclosed are polyethylene naphthalate, saran, ethylene vinyl alcohol copolymers or 
acrytomtrile copolymers. In Slat's techmque, the barrier material and the material to form the inner wall of the prefomi ere 



contnidnl in tha siapB of a tuba. TVs tubs is then cut bito lengths coiresponding to the tength of the preforav and is 
tlienptacediDsidaaiRofalwfaeremteoDterlayeroftiiaprefom Tba 
prefoim may then beUoMMwdded to fonn a bottle. The drawbaclcs of this method are that most of tis barrto materials 
disclosed do mit adhere weB to l>ET, and that die process itsdf is rather "nnlffmwnp, 

A famlir of roateiiab with good barrier characteristics are those disclosed in U& latent No. 4,578^295 to 
Jabaria Sudi barrier materials bichide copolymers of terephthaGe acid and isophthaDe add with ethylene glycol and at 
leastoneiBoL TMs type of material bcpminerriallyayaMIe as B-010 from MH^ Then 
barrier materials are miscible with pohrediylenrterephthalate and form blemis of 80-90% PET ami 10-20ft of tha 
copolyester from winch barrier contanen are formed. The containers made from these btends are about 2040% better 
gas barriers to CO, transmission than PET alone. Although some Have daimed that this polyester adieres to PET without 
delanraiatiDiv the only prefonns or contamers disclosed were made w^ 

that anrone beretof oro has actually made a laminar p(ef oim or cont^ using thesrmatariais from wMch to base such a 
statsmenL 

Another groop of materials, the polyamine-polyepoxides, have been proposed for use as a gas-barrier coatmg. 
These materia can be used to form a barrier coating on poiypropytene or surface-treated PET, as described in US. Patent 
No. to Nugent, Jr. et aL These materials commoidy come as a sohrent or aqueous based thermosetting 

compbsitini and are generaBy spray coated omo a container and then heat-cured to fomi die finished barrier coating. 
Being tiierroosets, diese materials are not conitachre to use as pref omi coatings, because once the coating has been curei 
it can no loi^ be softnied by heating and duis caiinot be blow moldei as opposed to tiiennoplastic materials which can 
be softened at any time after apidcadon. 

Anodier type of barrier-coating, tiiat disclosed in U.S. Patent No. 5.472,753 to Fariia, refies upon the use of a 
copolyBster to effect adherence tetween PET and die barrier material Fartia descrSies two types of lamnates, a dveofly 
and a twoiily. In die dveoidy tannnate, an amorphous, diermopiastic copolyester is placed between die hairier layer Of ' ' 
ph«mny-type diennopbstie and die layer of PET to serve as a tie byer to bind die inmir and outer layers, bi tin twofly 
laminate, the phenoxy-type diennoplastic is fosl blended widi the amorphous, di^opiastic copolyester and dds Uend is 
dienappBed to di» PET to form a barrier. These tnninates are made eidier by extraslon or by b^ection molding, wherein 
each layer is aOovved to cool before die otbH layer of material is n^d. 

Thus, d» need for barrier-coaled PET prefomis and comainers which are economical cosmetically appealing, 
easy to pnnhice^ and have good banrier and physical properties remains unfulfiDed. 

Summary of the imrentmh 

TMs invention rdates to articles made of PET having coated upon die surfaces diereof one or more tiiin layere of 
diermopiastic material widi good gas-barrier characteristics. The articles of dw present imrendon are preferebiy in dm 
fwm of preforms and rantainers. bi preferred embodanents. die polyester comprises polyediylene terephdialate ami die 
Phenoxy-type diermopbstic conqirises a polylhydroxyamino ether). 

hi one aspect, die presem mvention provides for a barrier-coated polyester artKle comprising at bast one byer 
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ofamorptouspolycsterdirectlyadheredtoatteBstonelayerofbafrfe^ The bairiermateriaUhich comprises a 

copolyestBr of terephtbalie adi isophtbaOc add and at least one diol has a glass transition temperature between SS'C 
and 140*C, and has a pemieabity to uygen and carbon dioxide which is less than that of polyethylene terepbthalate. 

In another aspect of the present invention there is provided a process for making a banier-coated contaiiier 
comprising the steps of providing a barrier-coated polyester article in the f omi of a prefomv such as that described above; 
■ and UowHnolding the prefomi to the desoedcontamer shape. 

In yet another aspect of the presem invention thenj is provided a bam^^ 
layer and a barrier layer comprising barrier materill wherein the polyester layw is thinner in the end cap than in the waD 
portim and the barrier layer is thicker m the end cap than m the wall portion. 

to another aspect of the present invention, a multi-layer artide comprising a way port^^^ 
multkomponent layer ami an outer layer. The inner multixompbnent layer has at least two discrete sublayers having an 
interface surface between the sublayers and extends lortgitudinally of the atticlerSie of the sublayers comprising polyester 
and another of the sublayers comprising a barrier material comprising a |i) a Pbenoxy-type Themuplastic or m a 
copolyester of terephtbeOc add isophtbaSc add. and at least one diol, the barrier material having a pernieabiHty to cartion 
dioxide of no more than one-third of the pemieabifity to cari?on dioxide of polyethylene terepbthalate. The outer layer 
comprises recyded polyester and the inner muhi-component layer and the outer layer comprises materials with an absolute 
refracthre index of 1.55-1.75. 

In Yet another aspect of the present imrention there is provided a multi-layer preform comprising a wall portion 
hanng an inner layer and an outer layer. The inner layer comprises polyester, extends longitudinally of the prefom) 
temjinating in a threaded nedc finish seetion having extemaOy upset threads to recehre a closure member, has a support 
ring at the tower end of the threaded neck finish section; and has a thickness of at least two rniinmeters ami an absohite 
refractive imlex of 1.55-1.65. The outer layer co«(temls with the mner layer to temdnate below the support ring and 
comprises fi) a copolyester of terephthaSc add isophthalic add. and at least one did or lii) a Phenoxy-type Thernioplastit ' 
setected from the group consisting of poiyfhydroxy ether), polylhydroxy ester ether), and polythydroxyammo ether), wherein 
the outer byer has a ptnneability to oxyg^ less than that of the mner byer and a thidoiess of no more than one-fourth 
the thicbiess of the toner layer. Additt'onaRy, the outer byer has an absolute refractive ndex of a value to provide a ratio 
of the refracthre todtees within the range of 1JM.2. 

to a further aspect of the present tovemton there is provided a process for maktog a barrier coated polyester 
artide compridng the steps of providing polyester artide havtog at bast oms surface at a temperature of at bast lOO'C, 
and pbdng a barrier material on ti» heated surface of theiwlyester. The barrier material comprising a Phenoxy-type 
Tbennopbstic or a copolyester of terephthaSc arid, isophthalic add and at bast one dbl has a glass transition 
tenverature between about 55*0 and 140-C. and has a pemu»bility to oxygen and cariion dioxide whidi is bss than tiiat 
of polyethybne terephthabte. to preferred enibodiroents, the coating process is done by dip coating, spray coating, flame 
spraymg, electrostatic spraying, dipptog tf» pdyester artide to be coated to a f bidized bed of barrier resin, or Overrnoldtog 
the polyester artide with a melt of barrier materiaL 

to another aspect of ttoi present mvention there is provided a metimd for maktog a barrier coated polyester 
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anidB. ApohfBstwariichwirhatlBaMaiiJnDBrsurhtt andaBoufersurifaw 
tbrougb 8 first gate into ths spaca dafind by a first moU half aid a m 
rnold baff ara ctnted by ciradatiri0 flind aiui tha first nioU half 

cofitacts tha mner polyester wrface. Fidtoimrie this^ tha inolten polyester is aDowad to rernan hi coM^ 

hahres mta a sldn foni» on tha iner and outer polyester surfaces wiA:b surrounds a con of molten potyesto-. The fist 

mold half Is then lemoved from the polyester artide; andtha skta on the outer polyester surface i» softened by beat 

transfer from tha core of molten polmster, wbiatlw mner polyester surface s cooled by continied contact vrith tba core 

moldhalL The polyasterartid^ still or tba com noU half is than placed into a second o^^ 

half b cooled by drcabtbig fluid, in tha costing stepi tha barrier fayerconipiisbigbarii&r material bplaca^ 

polyester surf aca by bijacttag molten bonier material through a second gate feto tha 

and tha outer polyester surface to form the barrier coated polyester aiticie. The second moM half is Oen removed from 
tha barrier coated articleand then tha barner coated artidab removed from the cm The barrier mateiiab used 

in tha process preferably comprba a l%enoxy-type Ihemnplastic or a copolyester of terephtbafc acidl bopbthaie add and 
atleastonoM 

bi anodier aspect of the present mventiDn, there b provided an Thject-over-UM" process for the proihictibn of a 
.roulti4ayer pbstb container eomprbing several steps. A Tast pdymer comprbing a polyaiter and a second polyinar 
comprbing a copolyester of terephthalic adi bophdiaOc add and at hast one (foi are proddei ami b^eeted through a 
lameOar bijecibn system to provide a composite roulti4aniellae stream havhig at bast one iGscrete bmeOa of polyester and 
at least another dbcreta lamaBa of the copolyester. The composite stream b then suppfied to a moU to f omi an mrtid 
preform having inner and outer suUayers comprinig polyester and the copolyesta, wherein the sublayer compridng 
copolyester has a permeabity to air whidi b bss than the permeability to air of the sublayer compridng polyester. 
Recyded polyester b then suppBed over the initni preform to forni an outer byer to form a fmd preform. The fmd 
preform b then sob^cted to a Uow nudiEng operation to form a multi-byer idastic contaber. 

bi anodier aspect of the present bvemion then b^iravided ft "UM-over-ir^f* process for the productb 
muKMayer pbstb contahier. In thb metl»d. polyester b supplbd to a mold to form an bdtbl preform 
A first body of a therinopbstfciiolymer compridng reeyded polyester and a second body of thennopbstic ba 
compridng (0 a copolyester of terepbthafic add, bophthdb add, and at bast one did or pi) a Phenoxy-type Theimqibstic 
are provided and bbcted through a brodlar ir^ection system having a eoextrudon feed bbck unit to imvide a composite 
midthlamdla strean havmg at bast one dbcreie bmeBa of recyded polyester and at bast one dbcreta iamdla of the 
therrooptastic banbr pdymer. The composite stream b supplied over the Mtbl preform to fomi a find preform wherdn 
the composite stream comprising sdtiayers of recyded pdyester and the thennopiastb barrier material overiays tha miiid 
preform of polyester, and tha fbnl pref onn b aibbcted to a blow moUng operation to f oral a multilayer plastic container. 

bi a further aspect of the present hwention^ then b provided a method of maUng and coaftig prefarms. The 
method begins by dodng a mdd convridng a statnnary half and a movabb half, wherem die stationary moM hdf 
comprbes at least kie preform moldng cavity and at least one preform coatbg cavity and the movabb mdd half 
comprises a rotatabb pbta having mounted thereon a number of mandrds equd to the sum of the number of pref onn 
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nwlding cavities and prefonn coating cavities. The remaining steps comprise: injecting a first matoial iiittf ths space 
defined by a n»ndrel and a preform moIdinB cavity to form a preform having an inner 

the mold: rotating the rotatable plate; closing the mol* injecting a second material into the space defined by the outer 
surface of the prefom. and the prefomi coating cavity to f omi a coated pref omi; openinB the mobt removing the coated 
prefonn. 

In further aspecu of the above-described invention, the barrier materiab of the present invention may Aiither 
comprise Nanoparticles. The layer of barrier matenat in the articles of the present invention nay consist ef a plurality of 
. ndcrolayers comprismg barrier material 

Brief Descript ion of the flrawinn ^ 
Figure 1 is an uncoated prefomi as is used as a starting material forthe present im^a 
Figum Zis 9 cross-section of a preferred uncoated prefonn of the ty^Tthatls barrier^aated In accordance with 



figure 3 Is a cross-section of one preferred embodiment of bam'er^oated prefomi of the present lmrentlon. 

Figure 4 Is a cross-section of another preferred embodimerit of a barrier-coated pref omi of «^ 

Figure 4A is an emargement of a section of the v^ail portion of a prefomi such as that made by a tIM-over-inject 

process. Not aB pref ora«.of the type in Figure 4 made in accordance vvith the present inve^^^ 
. arrangemenL 

figure 5 b 3 cross-section of another embodiment of a barrier-coated prefomi of the present invention. 

figure 6 B a cross-section of a preferred prefomi in the cavity of a blow-molding apparatus of a type that may 
be used tamake a preferred banier-coated container of the present inventioa 

figure 7 Is one preferred embodinent of barrier-coated container of the present imrention. 

figure 8 is a cn»^section of one preferred embodiment of barrier coated comainer of the present invention. " 

figum 9 is a cross-section of an injection moid of a type that may be used to make a preferred barrier-coated 
prafomt of the present nvenHonL 

figures 10 and 1 1 are two bahns of a molding machine to make barrier coated prefomis. 

figure 12 is a schematic of a lameHar bijection molding (UM) system. 

figures 13 and 14 are two halves of amolding machine to make forty-eight two-layer prefomis. 

figum 15 is a petspectiva view of a schematic of a mobl with mandrels partially located within the molding 

cavities. 

figum 16 is a perspective view of a mold witii mandrels fully withdrawn from the molding cavities, prior to 

rotation. 

figure 17 is a threfriayer embodiment of a prefonn. 



Detailed Degepptjon of thp Prpfor red Embodiments 
A. General Description of the faivention 
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Hia mventioD relates to pbstic articles bavtng coatings comprising one or more layers of themnqiiastic material 
with good gas-barrier characteristics and methods of making such articles. As presently contemplateiL one embodiment of 
barrier coated article is a bottle of tim type used for beverages. Alternatively, tiie barrier coated »ticles of die present 
tnveotioo could take tiw form of jan^ tubs, trays, or bdtties for holding fiquid foods. However, for tiie sake of simplicity, 
5 tiie present invention w9l be described herein primarSy m the context of beverage botttes and tiie preforms from wldcli 
they are made by blow-molAig. 

Furtiffiflrnore, dm mventiDn is describedjherein spedfically in relation to polyetfiylene tere]2htfialate (PET) but it is 
andiedde to many odier tiiermopbstics of the polyester type. Examples of such odier materials indiide potyethylene 23- 
and 1,5^htiialate (PENL PET6, polytetrametiiylene 1,2-dioxyben?pate and copolymers of etiiyiene terephtiiatate and 
10 etiiyiene isophtiialatss, but does not include copblyesters of terppbthaSc add, isophtiialie add and at feast one ioH as 
described elsewhere herem as a barrier material 

Preferably, the pref onns and containers have die barrier coating disposeTon their outer surfaces or witinn the 
wd of the container, in contrast with the technique of Slat which produces muftilayered preforms in videch the laym are 
reaiDly separated, ni the present invention the thermoplastic banrier material adheres directly smd strongly to the PET 
IB surf ace and is not easily separated tiierefrom. Adhesion between die layers results widiout die use of any additmnel 
' inateriais such as an adhesive material or a tie layer. The coated pref omns are process^ preferably by stretdi Uow 
molding to fomi botttes uang methods and conditions simile to those used for uncoated PET preforms. The contamers 
which resdtare strong, resistant to creep, and cosmetically appealing as weH as having good gas-barrier properties. 

As explamed in greater dotal below, one or more layers of a barrier material are employed in carrymg out the 
20 present inventiDn. As used heretic the terms "barrier material", "barrier rem" and the &ke refer to materials wMch^ when 
used to form ertides, have key physh^l properties simSar to PET, adhere well to PET, and have a lower permeability to 
oxygen and carbon dhixide than PET. 

A mmiber of barrier materials having the reqdsite low permeabaity to gases such as oxygen and cariion dioxide ' 
are useful in the present inventioni, the chdce of barrier material being partly dependent upon the mode or eppEcation as 
25 described below. Preferred barrier materials for use in barrier coatings in the present invention fall into two major 
categories: (1) copdyesters of terephdidic add, isophdialic acid, and at least one ddl such as those cBsdosed bi die 
aforementioned patent to Jabarin, and diet wMdi is commerdally available as B-010 (Mitsd Petrochemicd inl Ltd, 
Japan!; and (2) bydroxy-functiond pdyfamide^diers) such es tiiose described in U.S. Patent Nos. 5,089,588 and 
5J4X998, pdylbydroxy amide etiiers) sudi as those described in U.S. Patent No. 5,134,218, polyetiiers such as dnse 
30 described in ILS. Potent No. 5,1 15,075 and 5,218,075, hydroxy-functiond polyethers such as diose as described in ILS. 
Patent No. 5,164,472, hydroxy-f unctiond poly(etiier suKonanudes) such as diose descnlied m U.S. Patent No. 5,149,768, 
. polyfliydroxy ester edim) sodi as those described in U.S. Patent No. 5,171,820, hydroxy-phenoxyetiier pdymers sodi as 
those descrOied in US. Patent No. 5,814,373, ami polylhydroxyemino ediers) TPHAE") sudi as diose described in U.S. 
Patent No. 5,275,853. the barrier materials described in (1) above are referred to herem by the temi "Copoiyester Barrier 
35 Materials". The compounds described m the patents in (2) above are collecthrely categorized end referred to herein by die 
term "Phenoxy-type Thermoplastic" materials. AD die patents referenced in this paragraph are hereby incorporated in their 
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entfretite bito lUs discfamire by tl^ lefoience thereto. 

Prefared Copolyemr Banw Materials bTO FM apprwaL IBA app^^^^ 
in containers wbere tbejr ara in coiitact with beverages and tha filce which are intended for human consumption. To the 
inventor's knowledge none of the Phenoxy-type Thermoplastics have FDA approval as of tha date of this disclosure. Thus, 
these materials are preferably used bi multi-lairered containers in locations which do not directly contact the contents, if 
the contents are ingestlbte. 

to CBin^g out preened methods of tin preseril invention to form barrier coated pefomB and bottles, an Initial 
preform is prepared or obtained and then coateT with at least one additional layer of material comprising bariier material 
polyesters soeh as PET. post-consumer or lecyded PET.(collectiveiy recycled PET), and/or other compatible thermoplastic 
materials. A coating layer may comprise a single mateif at a nix or blend of materiab (heterogeneous or bomogeneoosL an 
interwoven matrix of two or more material;, or a ptaraEty of microlayers (lamellae) comprised of at least two diflerent 
materiab. to one embodimait, the iRhlal prafomi comprises a plurafity of mfChibyers, such as may be prepared by a 
bradbr injection moidmg process, batial prefomn comprise polyester, and it is especiaUy preferred that ira'tiai preforais 
comprise virgin materiab vvMch are approved by the IBA for being in c«^^ 

Thus the preforms and comainers of the present nvention may exbt to several embodiments; such as: virgin PET 
coated with a byer of tovrier material; virgm PET coated with a byer of material comprising alternating microlayers of 
barrier material ami recycbd PET; virgm PET coated with a barrier layer which b to torn coated with recycled PET; 
mtoohyers of virgto PET and a barrier material coated with a byer of recycbd PET; or virgin PET coated with recycled 
PET wbch b then coated with bamer materiaL to any case; at least one layer most cnnprise at bast one barrier roateriaL 
Various embodtoients of preforms and botttes of the present invention are al advantageous b that they enabb 
the use of an Mrial preforin whbfa can be made as a structuraBy sowd unit Thus, m commercial operatbns tbi tortbl 
pref orott can be prepared usmg mass mamdacturing techniques, stored for periods rangbg from hmns to mombs, and then 
subsequently subjected to the appScation of one or more byers of barier and/or recycbd polyethybne tetephtbalate.ta. 
form the ftoal preform wMch can be bmedbtely SMbjected to a bbw moidmg operation, or. Bee the toUbj prefona stored 
fw bng pernds of ttow before the final blow molding pperatbn b carried out 

to one preferred embodiroent of the presem imrentwa 
coa ted using a sbgb pbce of equipment 

As described previously, preferred barrier materials for use to accordance with the present toventbn are 
Copolyester Barrbr Materiab and Phemixy-type Thermoplastics. Other barrier materiab havtog sniOar properties may be 
used to fieu of thrse barrier materiab. For example^ tire-barrier material may take ti» fomi of odier tiierampbstic 
polymers, such as actyfic restos tocbdng pohracrybnitrib palyimsrs ami acrybnitrib styiene copolymers. Preferred barrier 
materiab of die present tovention have oxygen and carbon dioxide permeabities whbh are bss tiian one-tinrd duse of 
pphrethybne terephdiabte. For exempb, (he Copolyester Barrier Materiab of the type disclosed n dm afoiemembmHl 
patent to Jabarin wiU exhibit a pemieabifity to oxygen of ebmit 1 1 cc miiflOO in' day and a pernieabiSty to carbdn dioxide 
of about 2 cc mil/100 m^ day. For certato PHAEs. the pemieabiliiy to oxygen b bss dian 1 cc mil/IOQ to* day ami die 
pemieabintytocariiondbxidebMccmil/lOOb'day.ThecorrespondmgCO.pemieabilityofpolyet^^ 
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whether iD tbe myctetf wiAgh fDffit, b abo^ 

The methods of the inesent invention provide for a coatmg to be placed on a preform which is later bbwn into a 
bottle. Such methods are preferable to phcmg coatings on the bottles themselves. Preforms are smaller in size and of a 
more regular shape than the contabiers blovim therefroriw maldng it simpler to obtam an even and regular coatm'g. 
Furthemior^ bottles mi contausers of varying shapes and saes can be made frmn preforms of similar size and shape. 
Thus, the same equipment and profcessing tan be used to produce preforms to f omi several different kinds of containers. 
The Uow^nohShg may take pbce soon after m^ng, or preforms may be made and stored for later blow-molding^ If the 
prefornis are stored priortoblow-mdifinB, their smalfo less space iii storage: 

Even though ft is preferable to form com^ners from coated preforms as opposed to coating containers 
themsehreSr they have generafly iiot been used because of the difficulties involved in makmg containers from coated or 
multiJayer preforms. One step where the greatest difficulties arise is during the Uow-moldtng process to fomi tiie 
contain)^ from die preform. Durmg tins process, defects such as debminatioii oTthe layers, cracking or crazing of the 
coating, unevai coatbig diicknes$r end lEscomiiwous coatmg or voids can result Ttiese difficuUies can be overcome by 
u»ng suitebb barrier materials and coatmg the preforms in a manner that albws for good adhesion between the layers. 

Thus* one key to the present invention b the dioice of a sintable barrier materiaL When a sintable barrier 
material b used, the coa&g sticks Aecdy to tiie preform wititout any significant ddamination, and vdl contmue to stick 
as tiie preform b blow^oided mto a bottte and afterwards. Use of a suitable barrier material abb helps to decrease tiie 
mddehce of cosmetic and structural defects wMch can result from bbw-moldihg containers as descrflied above. 

It shouU be noted tiiat akhmioh most of the dbcussion, drawings, iand examples of making coated preforms deal 
with two byer pref orm:^ such ifiscossbn b not intended to farat the presem invention to two tayer articbs. The two byer 
barrier containers and preforms of the present invembn are sintabb for mmy uses and are cost-effective beceuse of die 
econwny of materiab and processbg steps. However, m some circumstances and for some applieations, pmfomis 
consbting of more tiien two layers may be desired. Use of three or more layers allows for mcorporation of materiab such ^ 
as recycbd PET, which b generaRy bss expenshre tiian virgin PET or the preferred barrier rhateriab. Thus, it Is 
contempbted as part of tiw present invention tiiat aO of the methods for producing the barrier-coated lirefomis of tiie 
presoit invention whbh aria dbdbsed herein end ail other suitabb methods for making such prefonns may be usedr ehher 
abne or m combination to produce barrbr-coated preforms and containers comprised of two or more layers. 

B. Detaibd Description of tiie Drawmgs 
Referring to Figure 1, a preferred uncoated prefbrfn 1 b de|»cted. The prefomi b preferably made of mi FDA 
approved material such as vfrgin PET and can be of any of a wide variety of shapes and sizes. The preform shown in 
Figure 1 b of tiie type which vM fomi a 16 u. cart)onated beverage bottie tiiat requires en oxygen and carbon dioxide 
barrier, but es wn be undtfstood by tiiose skilled in the art, other preform contigurations caii be used dependmg upon die 
desired cdnfiguretion, cbaracteristbs and use of the fmal article. Preferably, die preforms are made by mjectbn molding 
as b known b the ert 

Ref ORing to Figure Z a crass-section of the preferred uncoated pref onn 1 of pQure 1 b depbted. The uncoated 
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piefoim 1 has a neck ponton 2 and a bodir portion 4. Tho neck portion 2 bepts at tiia opening 18 to tl» interior of the 
prefoim and extends to and includes tiie support ring 8. The neck portion 2 is further characterized by the presence of the 
threads 8 which proviilB a ineans for fasteniHB a cap for the bottle prodw^dfr^ 1. the body portion 4 is an 

etongated and cyGndricaOy shaped structure extending down from the neck portion 2 and culminating in the rounded'end 
cap la The ptsfDmi thickness 12 wiO depend upon the overall length of the preform and the wall thickness and overaO 
size of the resulting contamer. . 

RefeninB to Figure 3, a cross-section ^f one type of barrier-coated prefomi 20 of the present mvemion is 
disclosed. The baiiiar-coated prefomi 20 has a necl portfon 2 and a body portion 4 as in the uncoated prefomi 1 in Rgs. 1 
and Z The barrier coatng iayer 22 is disposed about the entire surface of the body portion 4. temiimiting at the bottom of 
the support liiB B. Tlie barrier coating iayer 22 does not extend ti the neck portion Z nor Is it present on the interior 
surface of the prefomi 16 wUcb is preferably made of an FDA approved material such as PET. The banier coating layer 
22 may comprise either a single material or several microbyers of at least two liwterials. as Is made ushg a UM process 
as.described below. 7^ thickness of the over^B prefomi 26 is equal to the tWckness of the initial prefomi plus 
thickness of the barrier layer 24, and b dependent upon the overall size and desired coating thickness of the resulting 
15 ««»«ainer. Bywayofexample,thewanofthebottomportionoftheprefom.m8yhavealhickhB$srf 

wal of the neck fmish, a cross-sectional dimension of about 3 miffimeters; and the barrier material applied to a thickness of 
about 0.3 nuHmieteis. 

Referring to Ffgun 4. preferred embodiment of coated prefomi 21 is shown in cross-section. The primary 
difference between the coated prefomi 21 and the coated prefomi 20 in Rgure 3 is the relative thickness of the two layers 
in the area of the end cap 1 0. In coated prefomi 20 in Figure 3 the barrier layer is generally thinner than the thickness of 
the ihitiai prefomi throughout the emire body portion of the prefomi. In coated prefomi 21, however, the barrier coating 
layer 22 Is thicker at 29 near the end cap 10 than it is at 25 in the waB portion 3. ami comrersely, the thickness of the 
imffir polyester layer is greater at 23 in the waB portion 3 than it is at 27, bi the region of the end cap 1 0. This prefomi • 
design is especially useful when the barrier coating is applied to the initial prefomi in an evemioiding process to make the 
coated prefomi as described below, where it presents certain advamages inchiding that relating to reducing molding eyde 
tune. The barrier coating layer 22 may be homogeneous or it may be comprised of a phirality of microlayers. as is shown 
biFigure4/L 

Figure 4A is en enlargement of a waB section of the prefomi showing the makeup of the layers in a UM over 
injeclembodimentof prefomi. The layer llObthe inner byerol the prefomi and 112 is tte 
The outer byer 1 12 comprises a plurafity of msnlayers of material as wiD be made when a UM system is used. Not all 
preforms of Figore 4 wai be of this typ& 

Referring to Figure another embodiment of coated preform 31 is shown in cros^section; The.primary 
diffenmce between ti« coated phrfpmi 31 anf the coated prefomis 20 ami 21 
barrier coating byer 22 is disposed on the neck portion 2 as well as the body portion 4. 

The barrier prefomis and containers of the present invemion can have byers which have a wide variety of 
relathre thicknesses. In view of the presem disctosure. the thickness of a given byer and of the overaO prefomi or 
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container^ wintber at a ghroipiAit of over ib^ entira cbmainerr can fe cfaosisii to fit a coatiriB process or a particular end 
use for the containar. FurthermorOr as discussed above in regard to the barrier coating layer in Flgora 31 tbe barrier coattog 
layer in the prefonn and contmner embodments disclosed herein may comprise a singfe. material or several nfoolayers of 
twoormoreRiateiials» * 

5 After a barrier-coated prefomit such as that depicted in Fqnfe 3, is prepared by: a metfwd such as those 

discussed in detaflbelovv, ft is subjected to a stretch blovv-mold^^^ Referruigtol^6,tathiYprocessaban^^ 
coated preform 20 is piaced|n a mold 28 havbig a caidty cbrresimiKling to the desired contamer shap& The barrier-coated 
ivef arm is tiien heated and expanded by stretchmg and by air forced into fte interior of the jnef orm 20 to AT the cavity 
witiim the mold 28, creaAig a barrter-eoated contwter. The blow molding operatfan normally is restrfeted to the body« 

10 portion 4 of the preform with the necit portion 2 inchiding the threads; pilfer ring, and stq)port rmg retaiiwig the orqpnal 
configuration as in the preformL 

Referring to Figure 7, there is disclosed aaembodiment of barrier coiiteirtontainer 40 in accordance with the 
present invefitionr such .as that which n^ht be made from blow moUing the barrier coated preform 20 of Figure 3. The 
container 40 has a node portion 2 and a body portion 4 corresponding to the neck and body portions of tiia banier-coated 

15 . prefonn 20 of Figure 3. The neck portion 2 is furtiier characterised by die presence of tfie tiveads 8 which provide a 
means for fastenfog a cap onto tlia contaiher. 

When the barrier^coated container 40 is viewed in cross-section, as m Hgure 8» die construction can be seen. 
The barrier coating 42 covers the e;cterior of the entire body portion 4 of die contamer 40, stoppinff just betow tin support 
ring 6. The interior surface 50 of die container, which is made of an FDA-approved material preferably PET, remains 

20 uncoated so diat only die kiterior surface h in contact widi beverages or foodstuffs, bi one preferred embo Aimt that b 
used as a cariionated beverage contamer, dm diickness of the barrier coating is preferably a020'Q.06O bidi, more 
preferably 0.030-00)40 bute die duckness of dm PET layer 46 b preferably 0il804L16D inch, more pmferably aiOO- 
0.140 kicte and die overall waB diickness 48 of die barrier-coated comamer 40 is prefmbly 0.140-aiBO mchr more ' 
preferably ai504.170 mch. Preferably, on average* die overall waB thickness 48 of die comamer 40 derives themapity 

25 of its thickness from the mner PET layer. 

Fqwe 9 iBustiates a preferred type of mold for use HI metiiods which utto The mdd comprises 

two hahres, a cavity half 52 and a mandrel half 54. The cavity half 52 comprises a cavity in whkdi an uncoated pmf orm is 
placed. The preform is held m place between the mandrel half 54, which exerts pressure on die top of die preform and die 
ledge 58 of die cavity half 52 on wljch dm support ring 6 rests. The neck portion of the prefonn is tinis sealed off from 

30 dm body portion of dm preform. Inshlathe prefonn is die mandrel 96. As die prefonn^ 

die preform is cnnpletely surroimded by a voM space 6a The preform, thus pontkmed, acts as an faiterior die mandrel ki 
the subsequem uijection procedurer m which tiie melt of tfie ovemiolduig material is kqected dirough die gate 58 mto the 
void space 60 to forni the coating. The melt as wefl as the tmcoated prefonn, is cooled by fhdd ckculating widun 
channels 55 and 57 m the two hahres of the moU. Preferably the ckculation ki channels 55 is completely separate from 

35 the ckculation ki the channels 57. 

Figures 10 and 1 1 are a schematk: of a portion of the prefened type of apparatus to make coated prefonns ki 
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acconJancB with the present mvention. Tha apparatus is an injection molding system designed to make one or more 
uncoated prefomis and subsequently coat the newly-made preforms by over-injection of a barrier material Rgures 10 and 
1 1 illustrate the two hahres of the mold portion of the apparatus which will be in opposition in the molding machine. The 
alignment pegs 94 in Rgure 1 1 fit into their corresponding receptacles 95 in the other half of the mold. 

The mold half depicted in figure 11 has several pairs of mold cavities, each cavity being similar to the mold 
cavity depicted in Figure 9. The mold cavities are of two types: first ejection preform molding cavities 9B and second 
n^ectbn prefomi coating cavities lOa The two types of cavities are equal in number and are preferably arranged so that 
aO cavhtes of one typo are on the same side of the injection block 101 as bisected by the Ime between the aRgnment peg 
receptacles 95. TMs way, every prefomi molding cavity 98 is 1 80 away from a preform coating cavity 1 00. 

The mold half depicted in Fpre ID has several mandrels 96, one for each mold cavity (98 and 100}. When the 
two hahres which are Rgures 10 and 1 1 are put together, a mandrel 9B fits inside each cavity and serves as the mold for 
the Ulterior of the preform for. the pref ona molding cayitiBs 98 and as a centering device for the uncoated prefonns in 
prefomi coating cainties 100, fillmg what becomes the interior space of the pref onn after it is molded. The mandrels are 
motmted on a turntable 102 which rotates 180 about its center so that a mandrel originally positioned oyer a prefonn 
moldmg cavity 98 wiH after rotatnin, be positioned over a prefomi coating cavity 100, and vice-versa. As described in 
greater detaB below, this type of setup allows a preform to be molded end then coated in a two-step process using the 
same piece of eqwpment 

it should be noted that the drawings in F^ures 10 and 11 are merely illustratwe. For instance, the drawmgs 
depict an apparatus having three molding cavities 98 and three coating cavities 100 (a 3/3 cavity machine). However, the 
maclnnes may have any number of cavhies, as long as there are equal numbers of molding and coating cavities, for 
example 12/li 24/24, 48/48 and the like. The cavities may be arranged m any suitable manner, as can be detemiined by 
one skied in the art These and other minor alterations are contemplated as part of this mvention. 

Referring to Hgure 12, there is shown a schematic of an apparatus which may be used to produce a meltstreafn ' 
cMiprised of numerous microlayers or iameflae bi a JameBar mjection molding (LIM) process as described m further detail 
betow. 

The two niold halves depicted in Figures 13 and 14 illustrate an embodiment of a mold of a 48/48 cavity 
machine as discussed for Figures 10 and 1 L 

Referring to Hgure 15 there is shown a perspective view of a mold of the type for an overmolding (inject-over* 
inject) process., in which the mandrels 86 are partially located within the cavities 98 and lOa The arrow shows the 
movement of the mov^e mold half, on which the mandrels 98 lie, as the mold doses. 

Figure IB shows a perspective vww of a mold of the type used in an overmolding process; wherein the mandrels 
96 are fifly withdrawn from the cavities 98 and 100. The arrow indicates that the turntable 102 rotates 180 to move the 
mandrels 96 from one cavity to the next Also shown are schematics deph:ting the cooling means for the mold hahres. On 
the stationary half, the cooGng for the preform molding cavity 106 is separate from the cooGng for the preform coatmg 
cavity 108. Bofli of these are separate from the cooling for the mandrels 104 in the movable half. 

Referring to Figure 17 there h shown a preferred threeJayer preform of the present imrention. This embodiment 
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of coated prefonn bprefenUy nab by pteKing two coa^ 
1. 

5 C nqnical Characteristics of PrefsnedBarrierMateriaii 

Pieferr^ barrier materiab in accordance whb tha present inventiDn preferably exMbh several pbrricd 
characteristics wiudi aHow.for the barrier coated bottles and articles of the present bnmftm to be able to witbstand 
processing and phyacd stresses bi a manner simSar or superior to that of uncoated PET artideir in adiStion to producing 
artides which are cosmetically appeaEng and have exeeBent bam^ 

10 Adtesion is the indon or sfuddng together of two surfaces. The actual mterfacial adhesbn is a phenomenon 

wUch occurs at the ndcroscopjc level It is based upon molecidar mteractions and depends upon chendcd bonifing, van der 
Waals forces and other intermdecularattracthreforceiatthemole^ " ^ 

Good adhesion between tho barrier layec and th9 PET layer is especlaDy iniportant when the article is a barrier 
botde made by blow-moUDig a peform. If tiie materials adhere weH tiien they vinll act as one unit when tiiey are 

15 . subjected to a blow molcfog process and as they are subfected to stresses when existing in tiid form of a contabur. Where 
the adhesion is poor, deiamination resuiu eitiier over time or under physical stress such as squeezing ti» contamer or the 
container jostfing during shi|mient. Deiamination is not only unattracthre from a commerdal standpomt, it may be evidence 
of a lacic of structural totegrity of die container. Furtiiermore, good adhesion means tiiat the layers vriB stay hi dose 
contact whro the coiitamer is expanded durmgtiiemoldi^ When the two niateriab act 

20 fai such a manner, it b less Skely tfiat tiiere win be voids hi the coating, dius aUovring a tiunner coating to be appSel The 
barrier materials of the present invention preferably adhere suf fidentiy to PET such that the barrier layer cannot be easiW 
pulled apart from the PET layer at 22'C. 

Thus, due in part to the (Greet adhesion of dte barrier layer to the PET, tiie present mvention differs from that" 
disclosed by Fartia ui U.S. Patent No. 5.47Z753. In Farha, tfiere is riot ifisclosed, nor is tiie suggestionmade, tiiat tiie 

25 phehoxy-type thermoplastie can or shotdd be bound directly to tiie PET without being blended vritii the copolyester or using 
the copolyester as a fie layer or that a copolyester itself could be used as a barrier material 

The glass transition temperature (Tgl is defined as die temperature at wUdi a non-crystalEzable polymer 
undergoes the transformation from a soft rubber state to a hard elasft polymer glass, bi a range of temperatures above 
its Tg, a material w9i become soft enough to allow it to flow readily when subjected to an external force or pressure, yet 

30 not so soft that fas wscosity is so low diat it acts more like a^id dian a pSable soEl The temperature range above Tg is 
the preferred temperature range for performing a idow*molifing process, as die material is soft enough to flow under dte 
force of the mr blown mto die pref omi to fit die mold but not so soft diat it breaks up or becomes uneven ni texture. 
Thus, when materials have senilar glass uan«tkm temperatures, diey wiH have similar preferred Uoviring temperature 
ranges, allowmg die materials to be processed togedier widiout compromising the performance of either material 

35 In the blow-molding process to produce bottle from a preform, as is known in the art, die preform is heated to a 

temp^ature slqhdy above the Tg of die preform material so diat when air is forced into the preterm's interior, it wil be 
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able to flow to m the mold in which it is placed. If one does not sufficiently heat the preforni and uses a temperature 
below the Tg, the preform material will be too hard to flow properiyr and would likely crack, craze, or not expand to fill the 
mold. Conversely, if one beats the preform to a temperature well above the Tg, the material would likely become so soft 
that it would not be able to hold its shape and would process improperly. 

If a barrier coating material has a Tg similar to that of PET, it will have a blowing temperature range similar to 
PET. Thus, if a PET preform is coated with such a hairier material a bldvring temperature can be chosen that allovirs both 
materials to be processedl within their preferred Mowing temperature ranges. If the barrier coating were to have a Tg 
dissimOar to that of PET, it would be difficult If not impossible, to choose a blowing temperature smtable for both 
mat^als. When the barrier coating materials have a Tg similar to PET, the coated preform behaves during blow molding 
as if it were made of one material, expanding smoothly and creating a cosmetically appearing container with an even 
thickness and unif oim coatmg of the barrier material where it is appRed. 

The glass transition temperature of PET occurs in a window of about d^ending upon how the PET has 

been processed previously. The Tg for preferred barrier materials of the present invention is preferably 55 to 140'C, more 
preferably 90 to 

Another factor which has an impact on the perfomjance of barrier preforms during blow molding is the state of 
the material The preferred barrier materials of the present invention are amorphous rather than crystalBne. This b 
because materials m an amorphous state are easier to form into bottles and containers by use of a blow molding process 
then materials in a crystaffiie state. PET can exist in both crystalline and amorphous f orafis^ However, in the present 
invention it is highly prefened that the PET exist in the amorphous fomi in order to, among other things, aid in the blow 
mohSng process. A PET article formed from a melt of PET, as in injection molding, can be guided into the amorphous form 
by cooSng the melt at a ingh rate, fast enough to quench the crystallization process and trap the amorphous state. 

bitrmsic visco»ty and melt index are two properties which are related to a polymer's molecular weight These 
properties gwe an indication as to how materials wi act under various processing conditions, such as injection molding ^ 
and blow mohing processes. 

Barrier materiab for use m the articles and methods of the present invention have an mtrinac viscosity of 
preferably OJQ^O dVg, more preferably 0.74-0.87 mi, most preferably a84-0.8S dVg and a melt index of preferably 5- 
30, more preferably 7AZ most preferably ia 

Barrier materials of the present invemion preferably have tensile strength and creep resistance stnular to PET. 
Similarity in these phystcal propeities aOows the barrier coating to act as more than simply a gas barrier. A barr»r coating 
hairing physical propertfes :Mar to PET acts as a structural-component of the container, allovring the barrfer material to 
displace some of the polyethylene terephthalate in the container without sacrificing contaimir performance. Displacement 
of PET allows for the resulting barrier-coated containers to have physical perf onnance and characteristics similar to thek 
uncoated counterparts without a substantiarchange m weight or size, it also allows for any adcfitional cost from adding 
the barrier material to be defrayed by a reduction in tiie cost per container attributed to PET. 

Sinilarity in tensile strength between PET and the barrier coatmg materials helps the container to have 
structural integrity. This b especially important if some PET is ifisplaced by barrier material Banier*co3ted bottles and 

•13- 



wo 99/20462 



PCT/US9M2026 



contaniers of the primnt mventibii are abte Id withstand tha same physical forces as an uncoated comainw; aBowtno, for 
exanqdOr bairier*coatad contaihais ta be sbippad and handled in tha customary manner of bandBng uncoated PET 
contamers. If the barrier-coatbig materM were to bava a tensila strength substanttany lower than that of PET, a container 
having some PET displaced by barrier material would fikely not be able to withstand tha same forces as an uncoaied 
5 contdher*' 

SimBarity in creqi resistance between PET and tte barrfer coating materials helps the container to retain its 
shape. Creep re^stance relates to the abity of armateiial to resist changing its shape in response to an applied force. For 
examid^ a bottle wMch boUs a carbonated Sqtdd needs to be aUe to resist the pressure of dissolved gas pushing outward 
and retain its diigmai shape. If the barrier coating material wm to have a substantially lower resistance to creep than 
10 PETInacomafoerwberrintberesdtihgcomdierwouUbemoreE^ 
profhict 

for apiications where optical clarity b of.&nportance, preferred bahiermattrials have an mdex of refraction 
mulartothatofPET. 

When the refractive index of ti)e PET and the barrier coating material are similar, the preforms and, more pertiaps 

IS importantiy, tha Uown therefrom are optically dear »i4 tbti^, cosmetically appealing for use as a beverage container 
where darity of tiie botfle is frequemly desired If, however, the tm materials have substantially dissindar refractive 
bidices when tiiey are placed in contact witii eadi other tiie resulting combination wiD have visual ifistorttons and may be 
doudy or opaque; depoidnig upon the degree of difference in tiie refractive indices of timmaterials. 

Pdyetbylene terephtbalate has an index of refraction for visMe light witiun tiia raiqe of d»ut UO to 1.75, 

20 dependmg qion its physical configuration. When made into preforms, the refracthre index is preferably witiiin the range of 
about 155 to 1.75, and more preferably in tiie range of 1.55-1.65. After the prefomi is made imo a bottie; the walls of 
tiie final poduct whicb may be characterized as a biaxiaDy-oriented film shce it is subject to both hoop and axial stresses 
io tiie blow molding operation, poiyetiiylene terepbtiialate generaUy exhibits a refract'nre imiex witiwi tiie range of aboiit'' 
1.40 to 1.75, usually about \M to 1.75, depemEng upon tiie stretdi ratio mvolved in tiie Uow molding operation. For 

25 relatively tow stretdi ratios of diout 0:1, tiie refractive index w3i be near the tower eni whereas for high stretdi ratios, 
about 10:1, tiie refractive hdex wiD be near tiie upper end of tiie aforementioned range. It vriD be recogmzed tiiat the 
stretch ratios referral to herdn are l^xid stretch ratios resuhing from and include tiie product of tiie hoop stretdi ratio 
and tiie axid stretch ratio. For exampler in a btow molding operation in whtoh the final preform is oilarged by a factor of 
2J in tiie axid direction and a f actw of 3.5 diametrically, tiie stretch ratio vOt be about 8.75 QJS x 15). 

30 Using die designation to tnificate die refractivelndex for PET and to indicate tiie refractive todex for tiie 

barrier mat^ tiie ratio between tiie vdues and is preferably 0.8-1.3, more preferably 1.0*1.2!, most preferably 1.0* 
1.1. As wa be recogniied by those sUied m tte art f or the ratto ti/n.- 1 tiie distortton due to refractive index wiD be at a 
nuMmum, because the two mdices are identical 

As the ratto progressively varies from one, however, the distortion uicreases progresshrdy. 

35 

D. Preferred Barrier Coating Matertois and Their Preparation 
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The.prefBTed bairier coatino materials for use in the articles and methods of the present imrention are Pheniny- 
type Tbemiopiastie materials and eopolyesters of terephtbalic acii isophthaKe add. and at least one diol (Copoiyester 
Earner Materials). Preferably, the Phenoxy-type Themioplastics used as barrier materials in the present invention are 6m> 
of the firilowing types: 

CI) hydroxy-furartional poly(amide ethers) having repeating units represented by any one of the Fonmiiae la, Ui or 



te 




OCHiCCHzOAr NHC R»— CNHAi 0CHicK|OAi»-^ '» 



/ OH O O * 

_L I II r \ 

— ^OCHjCCHjOAr CNH NHCAr OCHjCCH^OAi^-^- lb 



Ic 




e) poiyihydroxy amide ethers) having repeating units represented independently by any one of the Formulae lla. 

lb or lie 



/OH o O ^ 

—/■OCHzCCHaOAf nJ R' CNHAr-X- 



Ua 



OH O 

-OCHjCCHzOAr CNH— R' NHCAr— |— . 'lb 



or 

OH O 



J. I II ^ 

— ^OCH2CCH20ArCNHAr--y- 
R n 



lie 



(3J amide- andhydroxymethy|.functionafe^^ polyethers having repeating units represented by Formula lit 
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(4) bydroxy-ftinctional polyethers having repeating umts represented by Fonmila Vk 

— ^OCHjCCHiOAr^--- n IV 
R ^ 



(5) hydroxy-f imctional polyCether sulf onanrides) having repeating units repiveented by Fomiulae Va or Vk 
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(B) poiy(hydroxy nter ethers) bav'mg repeating units represented by Fomnda Vk 



OH o o 

I II ,11 

-OCH2CCH2OC CO- 
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i-(x+y) R y 



O O CH2OH 
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(7) hydroxy-phenoxyBtber polyinefs having repeating units represented by Formuia VIk 



r r \ 

•OCHzCCHa X CHiCCHjO Af^4- 

R R / n 



and 



(8) poly(hydroxyanw)0 ethers) having repeating units represented by Formula VII!: 
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Y r r 1 

n 



vm 



wherein each Ar ihdhridually represents a Mem ammatic moietr, substituted divalent anin»th: moiety or beteroaiomatie 
moiety, or a combination of different dhralent aronuaic HMi^ 

R is ind-nnduany hydrogen 4r a monovalent hydrocaifayi moiety; each Ar, is a divalent aroma& moietr w combination of 
divalent aromatic moieties bearing amide or hydroxymetfayl groups; each Ar, is the same or diRerent than Ar ami is 
indhndi»nyadivalBnt aromatic moiety.substitttted ammatic 

divalent aromatic moieties, substituted aromatic moieties or heteroaromatic moieties; R, is Indhriduagr a predominantly 
hydrocarbylem> moiety, such as a divalent aromatic moiety, substituted dhraient aomatic moiety, divalent heteroaromatic 
molety.divalentalkylenBm«ety,divalent.substh^^^ 

such moieties; R,faindi«duaByamono»alenthydrocarbylmoiety;Als an embiamoiev 

moieties; X is an amine, an arylenedidxy. an arylenedisulfonamido or an arylemHiicarboxy moiety or combimrtion of such 
moieties and Ar, Is a "canto" moiety represented by any one of the Formulae: 



5 






wherrinY«nil.3covalem bond, oralinkingoron^whendn suitable rmte^^ 

suBur atom, a carbonyl atom, a suifonyl group, or a methylene group or similar linkage; n is an integer from about 10 to 
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about 1000; X is aOI to 1 and y b 0 to as. 

The term "pradoirinantly iiydrocarbyiena" means a dhralent racScd that is predonunantly hydrocarboi?, but whfch 
optionally contdis a smal ipiantity of a heteroatomic moiety such as oxygen, sulfur, imino^ sulfonyt sulf oxyl and the Bee. 
The bydroxy-functioDal polylamide ethers) represented by Fommla I are preferably prepared by contacting ah 
5 lirr-bisihydroxyphenyianudo)ak^^ or arena with a diglycidyl ether as descrS)ed m U.& Patent No& 5^89^88 and 

The p(^droxy amide etbm) represented by Formula 11 ara prq^ared by contacting a 
bisPiydroxyphniyianado)alka^ or arene;, or a' combmatton of 2 or more of these compounds, soth as 
liN'-lns(3^droxypheny|) aiEpamide or NJ«*-Us(3-faydroxyphenyDgliitaramid«r vrith an epibalobydrm as described in 
10 Patent No. 5,134,218. 

The annde- and bydroxymethyl-fimctionarized polyetbers represented by Formula III can be preparci for example, 
by reacting the i^ctdyl ethers, such as the dielyddyl ether of bisphenol A, with a BiEydric phenol having pendant anddo, 
N-substituted amido andfor hydroxyalkyi moieties, such as 2,2-bis(4-hydroxypbenyl)acetamide and 
33-dihydroxyben2amidc These polyetbers and their preparation are described in U.S. Patent Nos. 5,115,075 and 
15 5^18,075. 

The hydroxy-functtonal polyethers represented by Formula iV can be prepared, for example by allowing a 
diglyddyl ether or combination of figlycidyl ethers to react with a ifihydric phenol or a combination of dihydric phenols 
using the process described in U.S. Patent No. 5,164,472. Alternatively, the fayctoxy-functtonal polyethers are obtamed by 
aOowihg a dihydric phenol or comUnation of dihydric phenols to react with an efuhalohyiUi by the process described by 
20 Reinking, Barnabeo and If ale in the Journal of Applied Polymer Science, Vol 7, p. 2135 (1983). 

The hydroxy-functional. polylether sulfonamides) represented by Formula V are prepared, for example, by 
polymerizing an N,N'-dialkyl or N,N'4Saryidisulfonanride with a diglyddyl ether as described m U.S. Patent No. 5,14a768. 

The polyfhydroxy ester ethers) represented by Formula VI are prepared by reactmg diglyddyl ethers of aE|Aatic ^ 
or aromatic ifiadds, such as dglyddyl terepfathaiate, or diglyddyl ethers of dihydric phends with, aliphatic or aromatic 
25 diadds sudi as acEpic add or isofditbafe add. These polyesters are described in U^. Patent No. 5,171,82a 

The hydroxy-pbenoxyether polymers represented by Formula VII are prepared, for example, by contacting at least 
one dinucleopldic monomer with at least one diglyddyl ether of a cvdo bisphenol such as 
9,9-bis(4*hydroxypbenyOauorene, phenolphtbatein, or phenolphthaKmidine or a substituted cardo bisphenol, sudi as a 
substituted bis(hydroxyphenyl)fliiorener a substituted phenolpbthalein or a substituted phenolphthalimldine under comfitrans 
30 suffident to cause the nudeopKlic mobties of the cSnudeopbific monomer to react with epoxy mdeties to form a pdymer 
backbone containing pendant hydroxy moieties and ether, tmtno, amino, sulfonamide or ester Bnkages. These 
hydroxy-phenoxyether polymers are described in U.S. Patent Ho. 5,184,373. 

The polylhydroxyamino ethers) rPHAE"* or polyetheraminesi represented by Formula VIII are prepared by 
contacting one or more of the dqiyddyl ethers of a dihydric phend with an anrine havmg two amine hydrogens under 
35 conditions suffoient to cause the anane moieties to react widi epoxy moieties to form a polymer backbone having amine 
linkages, ether Fmkdges and pendant hydroxyl mdeties. These compounds are described m US. Patent No. 5,275,853. 
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Phenozytype Tbermqiiastics of FormolaB l-Viil may be acquired from Oow Chemical Company (Midlaiut, 
Michigan ULSAJ. 

Tha Phenoxy-type Thermoplastics commera'ally available from Phenoxy Associates, Inc. are suitable for usa in 
the present invemloiu These hydroxy phenoxyether polymers are the condensation reaction products of a dibydnc 
5 polyraicJear phenol, such as tnsphenol A, and an epihalohydrin and have the repeating units represented by Fotmida N 
wberem Ar is an isopropyfidene diphenylene moiety. The process for preparing these is desctawd in UJS. Pateiit fia. 
3,305,526, mcorporated berem by reference in its entvety. 

The most preferred Phenoxy-type Theiinoplastics are the polylbydroxyamnu ethers) fPHAH rqussented by 
formula VIIL An example is diat sold as XII19040.00L by Dow Chenucal Company. 

Examples of preferred Copolyester Bamw Materials and a process for their preparation a desoibed in ULi 
Patent No. 4,578,295 to Jabarin. They are genwally prepared by heating a mixture of at least one reactant selected from 
isopbtbalic acid, terephthaBc acid and their C, to C, alkyl esters with U bi${2.hydroxyethoxy)benzene and ethylena glycol 
Optionally, the mixture may further comprise one or more ester-foranng lEhydraxy hydracarfaon and/or blsM-P- 
hydroxyethoxyphenyQsulfone. 

The most preferred Copolyester Bamw Materials are those which are made from mixtures con^rismg both 
terephthafic acni and isophthafic acid. An especbOy preferred Copolyester Barrier Material is avadable as B4J10 from 
Mitsui Petrocbemicai toi Ltd. (Japanl. 

E. Preparation of Polyesters 

Polyesters and methods for thar preparation rmcluding the specific monomers employed hi their formation, thdr 
proportions, pdymerization temperatures, catalysu and other conditions) are weU known in the art and reference is made 
thereto for the purposes of tins nwention. For purposes of ahistration and not Inritation, reference is particularly made to 
pages 1-82 of Vohinie 12 of the Encyclopedia of Polymer Science and EngineBring. 1 988 revision, John VMey & Sons. ' 

Typieaily,polyesters are derived from the reaction of a d'n orpolycarboxylic acid with a di- or polyhydric alcohol 
Suitable di-. or polycarboxyltc acids bidude polycarfaoxyfic acids and the esters and anthydrides of such acids, and mixture 
thereof. Representative carimxyTB adds mdude phthaHc, isophthaSc, adipk azelaic, terephtha&c. oxafic, roaiotdc, succinic, 
ghitarii^sebactcaml theincB. OicarboxyDc components are preferred. TerephthaBc add is most commonly employed and 
jirefetred in the preparatioR of polyester fibns. a,p-Unsaturated di- and poiycarboxyGc adds Cnduding esters or 
anthydrides of sudi adds and matures thereof) can be used as partial replacement for the saturated carboxyBc 
componants. Representative a,^unsaturated di- and polfcarboxylic adds inchide maldc. fumaiic, acomtfc, itaconic 
mesaconic dtraconic monocMoromaleie end the ijce. 

Typical ifl- and polyhydric alcohols used to prepare the polyester are those alcohols having at least two hydroxy 
groups, although minor amounts of alcohol havmg more or less hydroxy groups may be used. Dihydroxy alcohols are 
preferred. 03iydroxy alcphds convemionaily employed in the preparation of polyesters include diethylene glycot 
dipropylene glycol: ethylene glycol; 1.2-propylene glycol; 1,4-butanediot 1.4.pemanediot 1,5-hexanediol. 
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1,4^clQh«i8Redimistbanol and the Eke with 1,2*propylene glycol being preferred Mixtores of the alcohols can also be 
employed. The di* or polyhydrie alcohol component of the polyester b usually stoichiometric or in sCght excess with 
respect to the adi The excess of the iB* or polyhydrie akohol will seldom exceed about 20 to 25 mole percent and usually 
is between about 2 and about 10 mole percent ^ 
S . The polyester is generally prepared by heating a nnxture of the di- or polybydric alcohd and the di- or 

polycarboxyfie component in their proper molar ratios at elevated temperatures, usually between about 100'C and 2Sd*C 
for extended periods of time; generally ranging from 5 to 15 hours. Polymerization inhibitors such as tbutylcatediol may 
advantageoiisiy be used 

PET, tiie preferred polyester, may be purchased from Dow Chemical Company {Midland, Michiganir and Allied 
10 Signal bic^Baton Rouge, LAL among others. 

F. Materials to Enhame Barrier Propmies of Barrier Resins 
The barrier materials dbdosed above may ba used m combination with otheT materials which enhante tirn barrier 
propmies. Generayy speaking, one cause fv tiie diffusion of gases tfvougb a material is tite existence of gaps or hxSes m 
tiie material at tiie molecular level tiiroogh which tiie gas moiecutes can pass. The presence of intermolecular forces In a 
15 material such as hydrogen bonding, allows for interchain cohesion m die matrix which closes tiiese gaps and ifiscourages 
diffusion of gases. One may also increase tiie gas^bani^ ability of good barrier materials by adding an adfitibnal molecule 
or substance which takes advantage of such intermolecular forces and acts as a bridge between polymer chains b the 
matrbc, duis helping to dose tiie holes in the matrix and reduce gas (Effusion. 

Derivatives of resorcfaiol bn-dihydrDxybenzene), when reacted with otiier monomers in die manufacture of PHA& 
20 PET, Copolyester Berrier Materials, and otiier barrier materials, wiD generally result in a material which has better barrier 
properties than the same material if it does not contain the resorcinoi derivative. For example, resorctnol (Bglyddyl edier 
can be used in PHAE and fayifroxyetfiyl etfier resordnol can be used in PET and other polyesters and Copdyester Bmrni 
Materials. 

One measure of tiie efficacy of a barrfer t$ die effect that it has iqion die shelf Tife of die material The shelf Bf e 
25 of a cariionated soft drink m a 32 oiPET non^barrier bottle b approximately 1Z-1B weeks. Shdf life is determined s die 
timeatwMchbssdianBBftoftheorigindamountofcariioriiSoxidetsre^ Botties coated widi PHAE 

udng die ti^-over4fject method descfflied bdow have been found to have a sheK life 2 fo 3 times greater tiian dot of 
PET done. lf,hovv6ver,PHAEvvidiresordnddiglyctdyfedierisused,d)eshdf fif 
PET done. 

30 Another way of enhandng the barrier properties of*3 material is to add a substance wMcb "phigs" the boles In 

die polymer matrix and dius discourages gases from passing tiirough die matrix. Alternatively, a substance may aid in 
creafmg a more tortuous padi for gas molecules to take as they permeate a material One such substance, referred to 
herein by the term "Nanopartides" or "nanoparticdar materiaT are tmy particles of materials winch enhance die barrier 
properties of a materid by creating a more tortuous padi for nngrating oxygen or cartion (Goxide. One preferred type of 

35 nanbparticular materid is a microparticdar day-based product available from Southern Cby Products. 
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6. Methods of Preparing Barrier-Coated Articles 
Once a sintabie barrier coating material u chosea the coated preform roust be mads in a manner that promotes 
adhesion between the two materials. Generally, adherence between the barrier coating materials and PET increases as tbs 
surface temperature of the PET increases. ThereforB, it is preferable to perform coatrng on bested prefonns, ahhough the 
preferred bairiermaterials of the present invention w9 adhere to PET at room teinpeiaiim 

1. Dip Coating 

Om preferred method of producing a colted PET preform in accordance with the present imrention is to dip coat 
the m pref omi in a resin^ontaining solvent bath. The dipping of the preforms into the resin-containing bath can be dona 
manually by the use of a retaining raclc or the Eke; or it may be done by a fuHy autoniated process which may Inchide the 
blovv-molding process at the end. 

The bath contains a solution made from one or more solvents into which the resin of the barrier material b 
dissolved and/or suspended. The teror "soIutiOD" as used herein refers to end result of mixing sohrentfs) and resin whether 
the resulting combination is in sohrtion. suspension, or some combination thereof. The resin may be used in any form, but 
as whb most ail materials, smaller sized particles go into solution faster than larger ones. If the barrier material is not very 
soluble in a. gwen sohrent, adding the resin as a powder wiO help create a niore uniform suspension. A wide variety of 
sohentt may be used, es weB as solvent systems made of combinations of sohrents. Preferred sohnmts indude 
dimetbylformamide CDMa etbanol tetrahydrofuran fTHF), methylene chloride, water, acetone; benzene; tohiene, Oowamd 
DPM, Oowanol FPU and Oowamd PM, and mixtures thereof. Factors which influence the selection of solvent or sohrent 
system imdude polarity, reactivity, solubility, boiling point, vapor pressure, and flammabifity. The dip^:oating sohitions of 
the present nvemion preferably contain 10-B0% resin by weight, more preferably 20 50% resin by weight, most 
preferably 3IM0% by weight The temperature of the solution in the bath is preferably 0 to lOO'C, more preferably 
25to50*C. 

The dip coating process begins by obtaniog PET prefomc Preforms may be made by injecting a melt of PET 
into a mold in the shape of a preform. The mold is cooled, preferably at a rate that allows the molten PET to cool rapidly 
enough that h is amorphous rather than crystallne in fomi. Processes for making PET prefomis by injection molding are 
generaly weD fmown in the art The suriace of the prefomi is preferably free of any oils, surfactants, mold release agents, 
or the Gke so that the barrier coettng materiai can edhere directly to the PET. 

The PET preforms era then dipped into the solution in the bath. Referring to Figure 2, the jireform is preferably 
dipped untD at least the entirebody portion 4 of the prefomi-ts submerged in the bath up to just under the support ring 6. 
The preform remeins submetged in the bath preferably for 1 to 30 seconds, more preferably 2 to 5 seconds. The preform 
is then withdrawn from the bath and dried until no soivem remains on the prefomL Drying may be done by any one of a 
raimber of methods, such es air-drying or placing the prefom» umler a vacuum ami/or in a heated amiosphere as iri an 
oven. The choice of method may depend upon the solvent chosen and the speed at which one desires the drying to take 
piece. Additional dippmg and drying steps may be done to create additional teyers if desired. Preferably, further 
procesang such as bhnw mohfihg is done after tiie pref omi is dry, 
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Barrier coated preform prdduced lrom.di|Koa«nB are preferably, of the type seen in Figure 3. Tlie barrier 
coating 22 Is disposed on the body portion 4 of tiie preform and does not coat tiie neck portion Z The interior of the 
coated preform 1 6 is preferably not coated with barrier material The thiclcness of the barrier coating is prefaaUy 001 to 
3 mm. more preferaUy 0.1 to 1 mm; 

EXAMINE 1 

A sample of a Phenoxy-type Themioplastic resin, specifically a PHAE available from Dow Chemical Company as 
• XU19040.00L was obtained as smaBNIets. The penets were dissolved in dimethylfomumude to a concentration of 40% 
by WBlgbL Eight Identical 17.5 g virgin PET prefoSns of the tyi» used to mate 
placed in a rack and dipped into the bath containing the resln/DMF sohition ^^^^ 
21-23*ClAfter5seconds the prefomw were removed from the bath and dried for Shows in air om 

Beforedip-coatlng, the prefomiswBighed an average of 17.5 grams. After dlpnaatiDg the preforms weighted 
average of 18.0 grams, having had as grams of resin coated thereon by the procesT 



an 



2. Spray Coating 

Another method of producing coated PET articles in accordance with the present mvention b by spray coating. 
. In this method the PET prefomis are sprayed whh a solution of barrier resin dissohred or suspended in a sohrent The 
spraying of the prefom» can be done mamially or by use of an apparatus which provides for sprayoig and post-spray 
treatment fti one macMne. 

The sohitkm which is sprayedonto the prefomis contains one or more solvems into which the resin of the barrier 
material is dissohred andftir suspended. A wide variety of solvents can be used, as weU as sohrent systems made of 
combinations of sohmms. IW«redsohn«t$inchidedimethylfom,amide(DMaethanol.tetrahyd^^ 
chtaride, water, acetomv bename, tohiene, Oowanol DPM. Dowanol PPH, and Dowam)! PM, and mixtures thereof. The 
selection of what soNent or sohrent system Is used may depend on many factors such as polarity, reactivity. soliMty." 
boing point, vapor pressure, and flammabiiity, as can be detemiined by one of skill in thn art The sokitions preferably 
coniafe 5 to 50» tesBi by weight more preferably 3040% resin by weight 

One prafemd method of spray coating PET prefomis is based on the use of an apparatus such as that discfosed 
»l O.S. P8te« No. 4J38.542 to Kemoiv et aL (incorporated herein in Hs entirety by this reference) and sold by Nordson 
Corporation (Amherst OWol. TWs apparatus comprises a spray coating chamber, a diying chamber, and a conveyor for 
movingtheprehmnsbetweeBthetwochambers. The apparatus may further comprise an overspray recovery system. 

The spray coatng process begins by obtaining PETurefomis, which are preferably made by an injection molding 
process as described above. The neck portion of each pmfomi is clasped by an attachment means and mounted on a 
coiiveyor. The preforms are evenly spaced apart on tiiecomreyor. The prefomis are thus conveyed into die spray coating 
chamber wherein ti»y pass ki dose proxinlty to a series of spray nozzles, preferably airtess spray nozzles. The barrier 
reski-containmg sohrent Is sprayed through the nozzles so that It knpacts the outside surface of each pref omi as K passes 
through the chamber, teavaq, each prefom, covered with a wet coating layer. To aid tiie adherence of the barrier material 
ami help hasten tiie evaporation of ti» sohrent tiB prefomis may be pre-heated by methods known to diose skilled in the 
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art def pre tbey enter the spray coating chamber. 

The conveyor then carries the preforms out of the spray coating chamber and into the drying chanber. The 
drying chamber may comprise an ovea a collection of lamps, or other source of thermal energy which provides the 
chamber with a temperature warm enough to aid in drivirig off the solvent in the wet coating layer, yet not so hot as to 
cause distortion in the shape of the preform itself. As the pref omns pass through the drying chamber, the sohrent Is 
evaporated, teaymg a barrier copting on the prefomis. 

3. Flame Spraying 

Anotherjsref erred method of producing a coated PET preform in accordance with the present invention is flame- 
sprang the PET preform with powdered resin of the barrier coating material 

For the flame spraying process, the barrier material resin is used as a powder wh'ch is preferably 60 to 150 
mesh, more preferably.80 to 120 mesh. A conventional flam? spray apparatus, familiar to those skilled in the art, may be 
used, such as tiie Ums^vay Jet Gun from Thermal Polymer Systems (Angleton, TX). The use of other such commercially 
avaiable apparatuses or other custom or modified apparatuses is comemplated as part of the present invention. 

The flame^spray coating process begins by obtaining PET preforms, which are preferably made by an injection 
molding process as described above. The surface of the preform is preferably free of any oils, surfactants, water, mold 
release agents, or the Bke so that the barrier coating material can adhere directly to the PET. The preforms are preheated 
to preferably 50 to 100*C, more preferably 65 to 75' C, and then the powdered barrier resin is applied using the flame- 
spraying apparatus. The anuunt of resin deposited and, hence, the thickness of the barrier coating is detemnned by the 
amount of time that the pref omi reddes in the flame. Once the desired amount of resin has been deposited, the prefomi is 
removed from the flame. The coated prefomi may then be blow-molded to form a bottie. 

BarrieTTCoated prefonins produced by flame-spraying are preferably of the type in figures 3 or 5. The interior of 
the coated preform IB is uncoated so fliat any food or beverage tiiat is placed in the container blown from the prefomfi wllf ^ 
be in contact witii the virgm PET only. The tiiickness of the banier coating 24 is preferably 0.01 to 5.0 mm, more 
preferably 0.5 to 10 mm. 

EXAMPIE2 

A sample of a Phenoxy-type Thermoplastic resin, specifically a polylhydroxyamino etficr) available from Dow 
Chemical Company as X.U19p40J)OL was obtained as smaB pellet& The pellets were ground into a powder and sieved 
ustag a 100 mesh screen accordmg to standard processes known in the art to selectively obtam 120 to 180 mesh powder. 
Three clean preforms made of virgin PET of the type to f omfa 68 oz bottie weighing approximately 48 grams each were 
heated to 100*C and then flame-sprayed using a Unispray Jet Gun. Preforms were removed from the flame at ififferem 
timto in order to get barrier-coatings of varying tiiickness. A preform left in the flame for 5 seconds was coated witii 4.5 
grams of resin, tiie prefotm left for 8 seconds recehred 8.6 grams, and tiie prefonn left for 10 seconds was coated with 
11.5 grams of resin. 



4. Flmdized Bed Dipping 
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Another metliod of producing barrier coated PET preforms In accordance with the present invemion 1$ fiuidized 
bed dipping, in this process the PET preform is dipped into a bed of powdered lestn of the barrier coating material which 
is fiuidized by a flow of airihiough the resin powder, hi tWs process, the barrier material resin is a powder preferably 60 
to 150 mesh, more praferaUy 80 to 100 mesh. Convemionai fiuidized bed apparatus and techniques, as taiown to those 
doDed b the at, may ba used 

The fiuidized bed coatmg proc^ begins by obtaining PET prefomw, which are preferably made by an injection 
rooiifing procen as descraied ^e. The surface of the preform is preferably free of any oils, surfactants, mold release 
agents, or the Ske so that the barrier eoattng matoial can adhere directly to the PET. The pref oro», at a temperatum of 
prftfeiably SO to 12S*C. more preferably 75 to 100 C, are immersed m the fiuidized powder. The prefonns are preferably 
hnmersed only as high as the support ring 6, as it is generally not desired for the hairier resin to coat the mterior of the 
ptefomL 

The preform b removed after a period of preferably 2 to 10 seconds,"roore preferably 5 to 7 se^^ The 
jiiBfomi, with a coating of powder thereom must then be heated such as by use of an oven, flame or lamp to cause the 
powder to melt or flow so that h foims a smooth unifonn coating. Once the coating is smoothed out by heating, the 
pref orro may then be UowmUed to f omi 0 botflei 

EXAMPLES 

A sample of a Phenoxy-type Thermoplastic res'm, specifically a PHAE available from Dow Chemical Company as 
XU1904a00L was obtained as smal peBfats. The pellets were gromid into a powder and sieved using a 80 mesh screen 
accoidng to standard processes known in tiw art to selectively obtani 80 to 100 mesh powder. Clean preforms of virgta 
PET weighing approximately 48 grams each were heated to 75-100*C and then immersed in a fiuidized bed comaining tiie 
PHAE powder. The powder m tiw bed was maintained at room temperature and die air flow rate through the bed was 
sufficient to fluidize the powder. Preforms were removed after 8 seconds and flame treated to melt the powder and create 
a uniform clear coating. The preforms were coated, on average, whh 0.7 grams of resin. 

5. Electrostatic Povinler Spray 

Anotiier metfnd of producing a coated PtT prefotm in accordance with the present invention is dedrostatic 
spraymg of «» PET preform using a powdered resin of the berrier coat'mg materiel In this process; tiie barrier material 
resm is used as a powder of preferably 80 to 200 mesh, mora preferably 100 to 140 mesh. An electrostatic spraying 
apparatus, such as diose known to tinse in the art, is osei 

The electrostatic powder coating process begins by obtaining PET pref orais, preferably by mjection molding as 
described above. The surface of die preform is preferably free of any oils, surfactants, mold release agents, or tiie fika to 
allow tin barrier coating material to adhere dnctly to tiw PET. An electrical charge, preferably 40 to 100 Kv, mora 
preferably 70 to 80 Kv. is placed on dw powder es it taits tiie spray gun. A charge opposite to that of tiie powder may be 
placed on the preform, or the preform may be grounded. 

The prefomi, at a temperature of preferably 10 to 40*C, more preferably 20 to 25'C, is sprayed for preferably 1 
to 15 seconds, more preferably 3 to 5 seconds. The powder-coated preform must then be heated such as by a lamp. 

.7i. 



wo 99/204^ 



PCT/US9S/22026 



flam or oven to cause the powder to me!t or fiow $o that rt forms a smooth unifbrm coating. Once the coadng is 
smoothed out by heating, the prefonn may then be blow-molded bito a bottle. 

The barrier-coated prefomis produced from electrostatic spraying are preferably of the type seen fn Hgures 3 or 
5. The barrier coatmg 22 h disposed only on the exterior of the prefomi an^ 
5 EXAMPLE4 

A sample of a Phenbxy-type Themioplastic resiiv specifically XU19040.0DL (Dow Chemn:al Company), wai 
obtained as small peDets. The pellets were ground into a powder and sieved to selecth^ely obtabi 120 to 140 mesb 
powder. Three dean mjection molded preforms oTvirgin PET weighing appro A grounded 

wire mash insert was placed inside each preform at room temperature. No voltage vras app&ed to the prefomis. The 
preforms were sprayed vwth the powder using a standard spray gun with an appfied voltage. Prefomis vtm sprayed for 5 
seconds and then flame treated. The preforms were coated^ on avmge, with 1.6 grams of resin. 

6. Overmolding 

An especially preferred method of producing a coated PET preform is referred to herein generally.as ovcrmoldmg, 
and soinetines as inject-over-inject ("lOIT. The name refers to a procedure which uses injection molding to inject one or 
more layers of barrier material over an existirig prefonn, preferably that which was itself made by injection molding. The 
terms "overinjecting" and "overmolding" are used herein to describe the coating process whereby a layer of material, 
preferably comprising barrier material, is injected over an exiting preform. In an especially preferred embodiment the 
overinjccting process is performed while the underiying preform has not yet fully sofidified. Overiniecting may be used to 
place one or more additional layers of materials such as those comprising barrier material recycled PET, or other materials 
over a coated or uncoated preform. 

The overmolding is carried out by using an Injection moldmg process using equipment similar to that used to form 
the uncoated preform itself. A preferred mold for overmolding, with an uncoated preform in place is shown m figure 9.' 
The mold comprises two halves, a cavity half 52 and a mandrel half 54, and is shown in figure 9 in the dosed position 
jjrior to overirijecting. The cavity half 52 comprises a cavity in which the uncoated preform is placed. The support ring 6 
of the preform resu on e ledge 58 and is held in place by the mandrel half 54 which exerts pressure on the support ring 6, 
thus seaGng the neck portion off from the body portion of the preform. The cavity half 52 has a phirality of tubes or 
channels 55 theren wbhdi carry a fluid. Preferably the fluid in the channels circulates in a path in wbidi the fluid passes 
into en input in the cavity baW 52, through the channels 55, out of the caviiy half 52 through an output, through a chiller or 
other cooling means, and then back bito the input The circulating fluid serves to cool the mold, whidi in turn cools the 
plasty melt which is nqected into the mold to form the coated preform. 

The mandrel half of the mold comprises a mandrel. The mandrel 96, sometimes called a core, prouudes from the 
mandrd half 54 of the mold and occupies the wntral cavity of the preform. In addition to helping to center the preform in 
the mold, the mandrel 96 cods the interior of the pref omi. The cooling is done by fluid liculating through channels 57 in 
the mandrd half 54 of the mold, most miponantiy through the length of the mandrd 96 itself. The channels 57 of the 
mandrd half 54 work m a similar to the diamrnb 55 in the cavity half 52, in that they create the portion of the path 
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through which As coolmg Mi travels wluch fies »i the interior of the molil half. 

As the preform sits hi the mold cavity, the body portion of the preform is centered within the cawty and is 
completely surrounded by a void space BO. The prefomi, thus positioned, acts as an interior die mandrd in the subsequent 
injection procedure. The melt of the overmoldtng material preferably comprising a barrfer material is then introduced Into 
5 the mold cavity from the injector iria gate 56 and flows around the preform, preferably surrounding at least the body 
portion 4 of the prefomft Followbig overinjectioiv the overmolded layer will take the approxvnate she and shape of the 
void space 60. 

To cany out the overmoldmg procedure one preferably heats the irotial preform which is to ba coated to a 
temperature above its Tg; In the case of PET, that temperature is preferably 100 to 200*C, more preferably 180>225*C* * 
10 If a tempmtura at or above the temperature of crystalKzation for PET is used, which is about 120*C, care should be taken 
when cooBng the PET in the preform. The cooEng should be sufficient to allow for the PET in the preform to take the 
preferred amorphous statBt rather than the crystallina.state. Alternatively, the initiaTprefonn used may be one which has 
been v^ recently injection molded and not fully cooled, as to be at an elevated temperature as is preferred for the 
overmolding process. 

15 . The coating niaterial is heated to forai a meh of a^ viscosity compat3de with use in an injection molding 

apparatus. The temperature for this, the inject temperature, vwll differ among materials, as melting ranges in polymers and 
viscosities of vnelts may. vary due to the history, chemical character, molecular weight degree of branching and other 
characteristks of a materbL For the preferred barrier materials disclosed above, the inject temperature is preferably m the 
range of about 175-325*0, more preferably 200 to 275*C. For example, for the Copolyester Barrier Material B-010, the 

20 preferred tempereturo is around 27S*C, whereas for the PHAE XU-19040JI0L the preferred temperature is around 200'C. 
If recycled PET is used, the inject temperature is preferably 250-300*C. The coating material is then injected into the 
moU 01 a vohane sufficient to fin the void space 60. If the coatmg material comprises barrier material, the coating layer is 
a barrier layer. 

The coated preform is preferably cooled at least to the pmnt where it can be displaced from the mold or handled 
25 without bdig damaged, and rerooyed from the mold where further cooEng may take place. If PET is usei and the preform 
iias been heated to a temperature near or above the tenverature of crystaiSzation for PET, the cooEng shouU be faMy 
f^id and sufficient to ensure that the PET is primarily in the amorphous state when the preform is fuBy cooled. As a 
result of ti»s process, a strong and effective bonding takes place betwm the initial preform and the subsequently applied 
coating material 

30 OvemidAig can itt also iised to create coated prefomis with three biFQure 17, there is shown 

a three-layer embocfiment of prefonn of the present invention. The prefonn shown therein has two coatmg layers, a middle 
layer 80 and an outer layer 8Z The relathre thickness of the layere shown in Figure 1 7 may be varied to suit a particular 
combination of layer matnials or to aOow for tiie makmg of different sized bottles. As will be understood by one skSed in 
the art, a procedure analogous to that disclosed above would be followed, except that the inhial prefonn would be one 

35 which had already been coateil as by one of the metfiods for making coated preforms described herein, bchiding 
oveimoliBng. 
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a. Preferred Apparatus for Overmoldino 
Hut preferred apparatus for performing the overmolding process is based upon tlie use of a 330.330.200 machine by Engei 
(AustnU the mold portion of which comprises a stationaiy half and a movable half. Both hahres are preferably made fn«n 
hard metal The stationary half comprises at least tv»o mold sections, wherein each mold secHon comprises N w'^O) 
5 identical mold cavities, an inpm and output for cooling fluidl chamiels allowing for ciraiiation of cooling fhdd wlthtn ths 
mold sectioa injection apparatus, ami hot ruraiers channefing the molten material from the injection apparatus to the gats 
• «'Mchmoldcavity. Becausee3chmold$ectionform$adijtinctprefomilaver,andeachpreformfe^^ 

of a different material each mold section is separately controlled to accommodate the potentially different comKtions 
required for each material and layer. The injector associated with a particular mold section injects a molten material at e 
J temperature suitable, for that particular material through that mold section's hot runmsrs and gates and faito the mold 
cavhies. The moldsection's own input and output for cooling fluid attow for changing the temperaAire of the mold section 
to accommodate the characteristics of the particular material injected into rSiold section. Consequentiy, each mold 
section may have a different injection temperature, mold temperature, pressure, injection vohime, cooling fbid 
temperature, etc. to accommodate tiie material and operational requirements of a particular preform layer. 

The movable half of tiie mold comprises a turntable 102 and a phirality of cores or mandrels 98. Theafignment 
. peis guide tite pbte to sBdably move in a preferably horizontal direction towards or away from the stationary half. The 
turntable may rotate in either a clockwise or counterclockwise direction, and is mounted omo tiie plate. The plurality of 
mandrels are affixed onto the tumtabb. These mandrels serve as the mold fprai for tiie mterior of tiie prefomi, as well as 
senring as a carrier ami cooling means for the prefomi during the moUing operation. The cooling means in the mambels is 
seperate from ti» cooling means in tiie mold secthms. 

The moid temperature or cooling for tiie moid is comrolled by means of circutating flui± There is separate 
cooTrng fluid drcuiation for ti» movable half and for eech of tiie mold sections of the stationary half Therefore, in a mold 
having two mold sections in die stati'omny half, tiuire is separate cooSng for each of the two mold sections plus separate- 
cooling for tiie movable half of die moli Amitogously, in a moid having three mold sections in tiie stationary half, tiiere are 
four separate cooBngflrfd circulation setups: one for each mow 

Each cooBng fluid clnaibtioB set up works in a similar manner. The fluid emers the mold, flows tiirough a networit of 
channels or tubes inside as discussed above for Figure 9, emi dien exits through an output From the output the fluid 
travels dirough e pump means, which keeps the fluid flowing, ami a cbiHing means to keep the f^d witiim die desired 
tenqieratore range, before going back bite the mold. 

In a preferred embodiment die mandrels and cavities comprise a high heat transfer material such a bervllium. 
. which is coated widi a inrd metal such as tin or chrome. The hard coating keeps dui beryllium from direct comact with 
the preform, as wel as acting as a leleese for ejection end providing a hard surface for long life. The high heat transfer 
material aBows for more efruiem cooling, andlhos assists in achiew^ 

may be disposed over the emim erea of each mandrel and/or cavity, or it may be only on portions thereof. Preferably die 
at least die tflis of die mmdrels comprise high heat transfer material 

The number of memireis is equal to the total mimber of cavities, ami the arrangement of die mandrels on die 
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movaUs half minw the anangemsnt of the cavitios oii thQ stationary half. Tp close tba molii tha movable half moves 
towards tha stationafy half, fflating the mandrels with tha cavities. To open the rool4 the mbvabte half moves away from 
the stationary half such that the mandrels are well clear of the block on the stationary half. Aftw the mandrels are fully 
wididrawn from the mold sections, the turntable of the movable half rotates the mandrels into aiignment vwth a. differaji 
mold saciion. Ttm, the movable half rotates 360 /(number of mold sections in the stationary halQ degrees after each 
withdrawal of the mandreb from the stationary half. When the machine is in operation, imng the vritbdrawal and 
rotathm steps, ttero wi9 be preforms present on some or all of the mandrels. 

Tha see of the cavities in a ^ mold SEttion vnS be Identical, however the size of the cavities will differ among 
tha moid sections. Tha cavities in which the uncoated preforms are first molded, tiie prefonn mddino cavities, are 
sniallest 'n size. Tha siza of the cavities 'hi the mold sectkm in which tiie first coating step is perfonned are larger than tfie 
prefonn mohfing cavities, ii order to accommodate the uncoated preform and still provide space for tiie coating material to 
bs iijected brto to form.tiia overoolded coating. The camties in each subsequeht mold section wherein additional 
ovemtoUmg steps are perfonned wiB be increasingly larger in size to accommodate the preform as it gets larger widi each 
coatingstep. 

After a sat of preforms has been molded and overmoided to completloa a series of ejectors eject tiie fmished 
. preforms off of tin mamfreis. The qectors for tiie mandrels operate independently, or at least there is a single ejector for 
a set of mamiiels equd in number and configoration to a single mold jection, so that only the compteted preforms are 
ejected. Uncoated or incon^eiy<oated prefonns remain on ti» mandreb so that tiiey may continue in tiie cycle to tiie 
next mold section. Tha faction may cause the preforms to completely separate from the mandrels to f aH into a bin or onto 
a conveyor. Alternatively, tiie preforms may remain on tiie mandreb after ejection, after which a robotic ami or otiier such 
apparatus grasps a preform or group of prefonns for removal to a bin, conveyor, or other desked location. 

figures 10 and 11 Illustrate a schematic for an embodiment of tha apparatus ifescrOied above. F^ure 1 1 is tiie 
stationary. half of tin mold. In tiiis embodiment, tiia block 101 has two mold sections, one comprising a set of tfiree' 
preform molding cavities 98 and die otiier comprising a set of tiiree preform coatiig cavities 100. Each of tiie prefonn 
coating cavities 100 is preferably like tiiat shownli Figurs 8, discussed above. EacKof tiie preform moUing cavities 88 is 
preierabhr sMIar to that shown in Hgure 9, in tint tin materiai is 

vif ithout a pref oim abeady timoa). and tin wal of tin mold which is cooled by fluid circubting tiirough channais inside the 
moU block. Consequentiy, one fuD production cycle of ti»s apparatus win yield three two^ayer prefonns. If nnre tinn 
three prefonns m cyde is desired, tin stationary half can be reconfigured to accommodate mora cavitns m each of tin 
moUsections. Aneran*teof tiii$l$seenhFignrBl4,wherwitherei$shovvna$tatHm»yhalf of amoMcompri^ 
moU SKtions. one comptfeing forty-eight prefonn molifing cavities 98 and the otiier comprising forty-eight preform coating 
cavities 100. If a three or more byer preform is desirei tiie stationary half can be reconfigured to accommodate 
additional mold sections, one for eachimfonn layer 

figure 10 Oustrates tin movable half of tin mold. The movable half comprises she identical mandrels 96 
mounted on tin turntable 102. Each mandrel corresponds to a cavity on the stationary half of the moU. The movable half 
also comprises alignment pegs 94, which correspond to tiie receptacles 95 on the stationary half. WRien tiie nwvable half 
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of thB mold mom to close tira mold, the aUBnmeni pegs 94 are mated with their coFresponding recqitades 95 such fliat 
IhB moliling cavities 98 and the coating cavities 100 aHgn with the mandrels 96. After afignment and dosuro, half of the 
mandrels 96 are centered widun preform molding cavities 98 and the other half of the mandrab 96 are centered witMh 
prefonn coating cavities 100. 

5 The conjuration of the cavities, mandrels, and alignment pegs and receptacles roust aB Inva sufftdett 

symmetry such that after the mold is separated and rotated the proper mimber of degrees, aO of the mandrels fae lip with 
cavities and ell afignment pegs line up with receptacles. Moreover, each mandrel must be in. a cavhy in i different mold 
section than it was in prior to rotation in order trachteve the orderly process of moMing and oveinioldihg in an identical 
. fashion for each preform made in the machine. 
D Two views of the two mold halves together are shown Ih Rgures 15 and 16. Ui Rgure 15, the movable half is 

. moving towards the stationary half, as indicated by the arrow. Two mandrels 96, mounted on the tnmtabla 102, are 
beginning to enter cawties, one enters a molding cavity 98 and the other is entoTng a cbating cavity 100 mounted in the 
block 101. In Figure 16, the mandrels 96 are fuBy withdrawn from the cavities on thff stationary side. In tins figure, the 
cooling arrangement is shown schematicaBy. wherein the preforai molding cavity 98 has cooling circulation 106 which is 
separate from the cooling circulation 108 for the prefonn coating cavity 100 which comprises the other mold section. The 
two mandrels 96 are cooled by a single system 104 which links aB the mandrels together. The arrow in Figure 16 shows 
the rotation of the turntable 102. The turntable could also rotate clockwise. Not shown are coated and oncoated 
preforms which wouU be on the mandrels if the machine were in operation. The alignment pegs and receptacles have also 
been left out for the sake of clarity. 

The operation of the overmolding apparatus win be discussed in temis of the preferred two mold section 
apparatus for making a two^ayer prefomi. The moid is closed by moving the movable half towards the stationary half 
unti they are in contact A first injection apparatus injects a melt of first material into the first mold sectToa through the 
hot runners and into the prefomi mpMing cavities 98 via their respective gates to form the uncoated preforms each of • 
which become the inner layer of a coated prefomi. The first material fills the void between the preform molding cavities 
98 and the mandrels 98. Smndtaneously. a second injection apparatus injects a melt of second material into the secomi 
mpld section of the sta^nnary baK, through the hot ninners and into each prefonn coating cavity 100 via their respectwe 
gates, such that the second material fas the void (60 m Figure 9) between the waB of the coating cavity 100 and the 
uncoated prefonn mounted on the mandrel 96 therem. 

During this entire process, cooling fhad is circulating through the three separate areas 106, 108, and 104. 
correspomfing to the moU section of the prefonn moUing cavities, mold section of the prefomi coating cavities, and the 
movable half of the mold, respecthrely. Thus, the melts and pref omis are being cooled in the center by the circulation in 
the movable half that goes through the nterior of the mandrels, as weO as on the outside by the circulation bi each of the 
cavities. The operating parameters of the cooling iiufai in the first mold section containing preform molding cavities 98 are 
separately controlled from the operating parameters of the cooling Mi in the second mold secthin containing the coating 
cavhies to account for the different material characteristics of the preform and the coating. These are in turn separate 
from those of the movabb half of the mold which provides constant cooling for the interior of the prefomi throughout the 
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cydOr wdietber tbemoU is open or cbsel 

The movaUa half then sOdes back to separata the two mold halves and open the moli until bB of the mandrels 
98 having preforms thereon are compbtety wtthdravm from the prefolm molding cavities 98 and preform coating cavities 
tD(L The fetors eject the coated, finished prefonns off of the mandrels 96 which were {ust removed from the prefonh 
5 coating cavittes. As discussed abover die section may cause the preforms 98 to completely separate from the mandrels 
and f aB into a bin or onto a conveyoTr or if tiie preforms remain on the mandrels after ejection, a robotic arm or oti^ 
apparatus may grasp a prefonn or group of preforms for removal to a bia conveyor^ or otiier desired location. The 
tumtdile 102 tiien rotates 180 50 that each mamffa 98 having an uncoated prefonh thereon is poiutioned over a pirefoim 
coating cavity 100, and each mandrel from whidi a coated preform was just ejected is pinioned over a preform mobEng 

10 cavity 98. Rotation of flie tumtaUe 102 may occur as quiclciy as 03 seconds. Using tiie alignment pegs 94, tim moU 
bahresr again aSgn and doset, and tiie first iqector injects tiie first material mto the prefonh moldmg cavity whita tiie 
second injector h^cts the banier material into die preform cqati^^ 

A production cyde of closing the moli inject'mg tiie melts/ opening the mold/ejecting finished banier prefonnSr 
rotatmg the turntabter and closmg the moid is repeated so that preforms are continuously bmng molded and overmoldei 

15 When the app^atos first begins running, during tiie initial cyder no prefonns are yet in the preform coatmg 

cavities 100. Theref ore, tiie operator shotdd dtiier prevent tiie second injector from injecting tiie second material into tiie 
second mcdd section dwing tiie ftst injection, or allow the second material to be injected and ^ct and then discani tiie 
resultnq siiqh iay^ preform comprised solely of the second material After dus start-vp step, die operator may ridier 
manually control die operations or program the deared parameters such tiiat the process is automatically conUoDedL 

20 ' b. Mediod of Making 2-Layer Preforms Using Preferred Overmolding Apparatus 

Two layer prefomis may be made u«ng the preferred ovemiolding apparatus described above. In one preferred 
Pediment, the two layer prefonn comprises an inner layer comprising polyester and an outer layer comprising barrier 
material In espedaBy preferred emboifiments, the inner layer comprises virgin PET. The description hereunder is directed 
toward the espedally preferred embodenents of two layer preforms comprising an inner layer of ^n PET. The 

25 d^scriptipniis directed toward descrBnng die forniation of a single set of coated preforais of the type seen ni Hgwe 4, diat 
i$, following a set of preforms tfirough the process of molding, ovemioiding and ejection, ratiier than describmg tiie 
operation of tiie apparatus as a virhde. The process described is (firectd toward prefonns having a total ti&kness m tiie 
wal portion 3 of about 3 mm, comprising about 2mm of virgin PET and diout 1 mm of barrier material The thmkness of 
tiie two layers wiH vary to odier portions of the prefcmn, as shown in Hgure 4. 

30 It win be apparent to one dciOed in the art that seme of tiie parameters detailed behiw will differ if otiier 

embodiments of prefonns are used. For example, the amount of time which the mold stays dosed vriR vary dependHig 
upon tiie wal tiiickness of die prefonns. However, given die disdosure bdow for tins prafenred embodiment and die 
remamder of die disdosure herein, one skiBed in the art would be abia to deternime appropriate parametera for odier 
preform embodiments. 

35 The apparatus described above is set up so that the injector supplying die mold section containmg the prefonn 

molding cairitus 98 is fed witii virgm PET and that die injector suppiyim the mold section contdning die preform coatmg 
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cavities 100 is fed with a barrier material Both mold halves are cooled by drctdating flufdl preferably water, at a 
temperature of preferably 0-5D*C, more preferably 10-15*C. 

The movable half of the mold is moved so that the mold is closed. A meh of virgin PET is iniectcd through tha 
back of the block 101 and into each preform molding cavity 98 to form an uncoated prefpnn which becomes the inner 
layer of tha coated preform. The mjection temperature of the PET melt is preferably 250 to 300*C, more preferably 265 
to 280'C. The mold is kept closed for preferably 3 to 10 seconds, more preferably 4 to 6 seconds wlule the PET is copied 
by the water circulating m the moll During this time, surfaces of the preforms which are in contact vwth surfaces of 
prefomi molifing cavities 88 or mandrels^ 96 bepi to f onn a skin while the cores of tha preforms remain inohen and 
unsolidified. 

The movable half of the mold is then moved so that the two hahres of the mold are separated at or past the point 
where the newly molded preforms, which remain on the rhandrels 96, are clear of the stationary side of the moll The 
interior of the prefonns, in contact vrith the mandrel 96, continues to cooL TRe coofing is preferably done in a manner 
which removes heat at a rate greater than the crystallization rate for the PET so that in the preform the PET will be in the 
amorphous state. Tha chilled water circulating through the moll as described above, should be sufficient to accomplish 
this task. However, wluie the inside of the preform is cooling, the temperature of the exterior surface of the preform 
begins to nse, as it absorbs heat from the molten core of the prefomi. This heating begins to soften the skin on the 
exterior surface of the newly molded preform. 

The turntable 102 then rotates 180' so that each mandrel 96 having a molded preform thereon is positioned 
over a preform coating cavity 100. Thus positionel each of the other mandrels 96 which do not have molded prefonns 
thereon, are each positioned over a prefonn molding cavity 98. The mold is again closel Preferably the time between 
removal from the preform molding cavity to insertion into the prdorm coating cavity is 1 to Iff seconds, more preferably 1 
to 3 seconds. 

When the molded prefomis are first placed mto prefonn coating cavities 100, the exterior surfaces of the- 
prefomis are not in contact witii a mold surface. Thus, the exterior sjcin is still softened and hot as described above 
because the contact coo&ig is only from the mandrel mside. The high ternperanire of the exterior surface of the uncoated 
preform (which forms the innar layer of the coated preform) «ds in promoting adhesion between the PET and barrier layers 
in tiie ftusbed barrier coated preform. It is postulated that the surfaces of the materiab are more reactive when hot, and 
thus chemical interactions betvireen ti)e barrier material and tiie virgin PET will be enhanced by the high tempcratwes. 
Banier material wili coat and adhere to a prefonn witii a cold surface, and tims the operation may be performed using a 
cold initial uncoated preform, but the adhesion is maricedly -better when the overmolding process is done at an elevated 
temperature, as occurs immeiSately following the moldmg of ttie uncoated prefomt 

A second trjection operation tiien follows in winch a melt of a barrmr material is mprted mto each preform 
coating cavhy 100 to coat the prefonns. The temperature of the melt of banier material is preferably 160 to 300'C. The 
exact temperature range for any indhndual barrier material is dependent upon the specific characteristics of that barrier 
material but it is well within the abSities of one skilled in the an to detemune a suitable range by routine experimentation 
given the disclosure herein. For example, if die PHAE barrier material XU19040il0L is usel tiie temperature of the melt 

•31- 



wo 99/26^ ^ PCir/US98/2202« . 

(inject temperature) » preferably 160 to 240*^ more preferably 200 to 220*C. if the Copolyester Barrier Material B^OIO 
is usel the injection temperature is preferably 160 to 240*C, more preferably 200 to 220*C During the same time that 
this set of preforms are being ovemiolded with barrier material in the preform coatnig cavities 100^ another set of 
uncoated preforms is being molded in the preform molding cdvtties as described above. 
5 The two bahres of the mold are again separated preferably 3 to 10 seconds, mora preferably 4 to 6 seconds 

following the initiation of the injection step. The preforms wMch have just been barrier coated h the prefonn coating 
cavities 100, are ejected from the mandrels 96. The uncoated preforms which were just molded in prefonn molding 
ca^dties 98 remain on their mandrels 96. The tumtable is then rotated 180 so that each mandrd having an uncoated 
prefonn thereon is positioned over a coating cavity 100 and each mandrel 96 from which a coateid preform was just 

10 removed is positioned over a molding cavity 98. 

The cycle of clo^ the mold, injecting the materials, opening tiie mold, ejecting finished barrier informs, 
rotating the turntable, and closing tiie mold is repeatedr so that preforms are continuously bdhg molded and overmolded. 

One of the many advantages of using the process disdosed herein is that the cycle times for the process are 
similar to those for the standard process to produce uncoated preforms; that is the molding and coating of preforms by this 

IS process is done m a period of time sunilar to that required to make uncoated PET prefonns of similar size fay standard 
meUiods currottly used in preform production. Therefore* one can make barrier coated PET preforms Instead of uncoated • 
PET preforms without a significant change in production output and capacity. 

If a PET melt cools slowly, ti)e PET will take on a crystalline form. Because crystaBtne polymers do not blow 
mold as wel as amorphous polymers, a preform of crystalline PET would not be expected to perform as weB in fanning 

20 containers accordng to d» present invention. If, however, the PET is cooled at a rate faster titan tiie crystal fonnation 
rate* as is described herein, h will take on an amorphous fwm. The amorphous f onn is tded for blow molding. Thus, 
sufficient cooling of the PET is crudal to f onning prefonns which will perf onn as needed when processed. 

The rate at wKcb a layer of PET cools m a mold such as desaibed herein is proportional to the tiiickness of the 
layer of PET, as weD as the temperature of the cooOng swf aces with which it is Ui contact If ti^e mold temperature factor 

25 is hdd constant, a thick layer of PET cools more siow^ than a thin layer. This is because it takes a longer period of time 
for beat to transfer from tiici inner portion of a thick PET layer to the outer surf ace of the PET wKch is In contact widi the 
cooTnig surfaces of the mold dian it would for a tiuhner layer of PET because of die greater distance the heat must travel 
in the tidcker layer. Thus, a prefonn having a tiucker layer of PET needs to be in contact witii die cooGng surfaces of the 
mold for a bnger time dian does a prefonn having a diinner layer of PET. In other wonis, whh aB diings being equal, it 

30 takes bnger to mold a pref mm having a ddck wail of PET dian^t takes to moid a prefonn having a diin waO of PET. 

The uncoatid prefonns of diis invention, inchtding those made by die first injection m the above-described 
apparatus, are preferably dimner dian a Conventional PET prefonn for a given container size. This is because in making the 
banier coated prefonns Af dm present invention, a quantity of dm PET which would be in a coriventionai PET prefonn can 
be displaced by a similar quanfity of one of the prefened banier materials. This can be done because the pref ened banier 

35 materials have physical properties sbnilar to PET, as described above. Thus, when the banter materiak displace an 
approximately equal quantity of PET in the walls of a prefonn or contamer, there will not be a significant difference in die 
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physical perf onnance of the contamen Because the preferred uncoated pref onns which form tte inner layer of the barrfer 
coated prefonns of the present invention are tbin-walleit they can be removed from the moid sooner than thev tfucicer- 
walled conventional counterparts. For examplQ^ the uncoated preform of the present invention can be removed from the 
mold preferably after about 4-6 seconds whhout crystalfizing, as compared to about 14*24 seconds for a conventional P£T 
preform having a total waO thickness of about 3 mm. AH in all the time to make a barrier coated pref bmi of the present 
invention is equal to or slightly greater (up to about 30%) than the time required to make a monolayer PET preform of this 
same total thickness. 

Additionally, because the preferred bamer materials are amorphous, they will not require the same type of 
treatment as the PET. Thus, the cycle tbne for a moiding-overmolding process as described above is generally dictated by 
the cooling time required hy the PET. In the above-described methodl barrier coated prefonns can be made in about the 
same time it takes to produce an uncoated conventional preform. 

The advantage gamed by a thinner preform can be taken a step farther]?^ preform made in the process is of the 
type in Figure 4. In this embodiment of coated prefonn, tte PET watt thickness at 27 in the center of the area of the end 
cap 10 is reduced to preferably about 1/3 of the total wall tWckness. Moving from the center of the end cap out to the 
end of the radius of the end cap, the thickness gradually increases to preferably about 2/3 of the total wall thickness, as at 
reference number 23 in the wall portion 3. The wall thickness may remain constant or it may, as depicted m figure 4, 
uansition to a lower thickness prior to the support ring 6. The thicknesses of the various portions of the pref orm may be 
varied, but in aB cases, the PET and barrier layer wall thicknesses must remain above critical melt flow thickness for any 
ghren preform desgn. 

Using preforms of the design in Figure 4 allows for even faster cycle times than that used to produce preforms 
of the type in figure 3. As mentioned abover one of the biggest barriers to short cycle time is the length of trnie that the 
PET needs to be cooled m the moid following injection. If a preform comprising PET has not sufficiently cooled before it is 
ejected from the mandrel it will become crystalline and potentially cause difficulties during blow molding. Furtheraiore, if ' 
the PET layer has not cooled enough before the pvermolding process takes place, the force of the barrier material entering 
the mold wffl wash away some of the PET near the gate area. The preform design in Figure 4 takes care of both problems 
by makmg the PET layer thinnest fa the center of the end cap regioi^ which is where the gate is m the mold. The thin gate 
section allows die gate area to cod more rapidly, so that the uncoated PET layer may be removed from the mold in a 
relatively short period of time wh3e still avoiding crystallization of the gate and washing of the PET during the second 
injection or ovennolding pbas& 

The physical characteristics of the preferred barrierinaterials of the present invention help to make this type of 
preform design workable. Because of tiie simiiarity in physical properties, containers having wall portions which are 
primarily barrier material can be made vritiiout sacrificing tiie performance of the container. If tfie barrier material used 
were not sbnilar to PET, a comaker having a^variable wall composition as in figure 4 would likely hav6 weak spots or 
other defects that could affect container performance. 

7. Lamellar Injection Molding 
•33- 



wo 99/2040 



A banier byer or a iwrier prefann can also be-produced by a process called lameBar injection moUins JUMJ. The 
essenca of UM pncassas is the oeation of a meltstream which is composed of a pIuraBty of tlw> layers. In this 
application, it is prefored that the LOM rndtstraam b comprised of dtemating thin layers of and barrier materiaL 

One method of lameBar fa^ection mohSng is earned out using a systan shnilar to that dlscfaoed in several patents 
to Schranlc US. Patant Nos. Smi!74, 5^540378* ami 5,62W50, the disclosures of which are hereby incorporated in 
their entireties by refeienc^ afthntgh the nsa of that method as well as other methods obtaining. slmOar lamellar 
mettstraams are contempfatad a» part of the present invration. Referrii^ jo Rgure 12, a schematic of a UM system fa 
shown. The system BiRgum 12 aboiw a two mattrtal system, but it w» be onders^ 

materials could be used in a smdar fashion. The two materials which are to fomrthe layers, at least ona of wWch fa 
preferably a banier resin, are placed in s^arate hoppas 84 and 85, which feed two separate cyBnder^ 86 and 87 
respecthrely. The materials era coutruded at rates deslped to provide the desved relative amounts of each material to 
fotmaiameliarmeltstreanicmnprisedofaiayerfrorneachcyinder. ^ . 

The lameBar mehstream output from combined cylniders fa tiien appfied to a layer geiKration system 8a hi tiie 
layer generation system, the two layw meltstrean fa mtdtqiEed mto a multilayer meltstream by repetition of a series of 
actions much fike one would do to make a pastry dough having a nmHa of laym. First, one dhodes a section of 
meltstnam nto two (rieces perpeniBcular to the taterface of the two layos. Then tin two i»eces are flattened so tiiat 
each of ti» two pieces fa about as long as the original section before ft was halved hi tiie first step, but oidy half as thick 
as tiie original sectioa Then tiia two pieces are recomUned into one pface havmg sanBv dniensiiuis as tiia original 
section, but bamg four layers, by stacking one piece on top of tiie otiier piece so tiiat tiw sublayers of tin two maternls 
are paraBel to each other. These tiiree steps of dividing, flattening, and recombimng tin meltstream may be done several 
times to create more tiwunr layers. The meltstrean may be nudtvUed by performing tiie dwiifing, flattening and 
recomUnino a number of times to produce a singb melt stream consfating of a pluraEty of soUayars of tiia component 
materiab. «n thfatvvo material embodiment, tfwoanpositiDn of ti» layers wBI alternate between tiie The' 
output from the layer generation system passes tiuougb 89 and fa njected into a jnoU to form a prefonh or a coating. 

A system such as tiiat h Figure 12 to generate a lameRar ineltstream may be used in phna of one or botii of tiia 
kiiectors in tiia overinolding process and apparatus described above. Alternatively, e bartier preform could be formed ushig 
a single njection of a UM nudtstreem if the mettstream comprised barrier materiaL If a preform fa made excbtsively from a 
UM melutream or fa made having an bmer layer wMcb was made from a UM meltstreanv and the container made 
tiierefroro fa to be in contact witii ediMes, it fa preferred tiiat aB materials in tiM IJM ineltstream have FDA appto^ 

bt one preferred embodnient, a preform of tiie type in Fqun 4 fa made using an b^ect-over-iiqect process 
vvheron a lameflar meltstream fa i^ed into tin barrier coating cavities 100 (Figure 11). siich a process, in whfch a 
prefmm fa overmolded witii a larodar meltstream, can be caBed UMniver-hi^cL In a UM^nrer-uqect process to create a 
preform from witii a beverage bottie fa made by Mow molding, tin first or niner layer fa preferably virgb PET, and tin LHUi 
meltstream fa preferably a batriw material, such as PHAE, and recycled PET. Recycled PET fa used bi tite outer byer 

because it wiB not be hi co«act vvith edibtes and h fa cheaper to use to make iqi tiie buDt of a contamer tiian fa v^ 
or most barrier materbb. 
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Rgure 4A slww an enlaroed viw of a waB section 3 Of a preform of tte 

mject process. The Inner layer 1 10 B a smgte natarH bw the outer la/er 1 12 B 
fonned by the UM process. 

An exemplary process to make such a preform is as follows. Recycled potyethytene terepbthalate is ap^ied 
5 through a feed hopper 84 to a first cyliruter 8B. while simultaneously, a barrier material is applied through a second feed 
hopper 85 to a secmid cylinder 87. The two materials am coextruded at rates to provide two-layer lamellar mettstfnhi 
comprising preferably 60-95 wL% recycled polyethylBne terephtbalate and preferabV 540 wt« barrier roaieriaL The 
lameflar meltstream is appfied to the layer gen^ation system 88 in which, a lamellar melt stream comprisiiqi the two 
materials is f omuid by dividing, flattening ami recombining the mehstream, preferably at least twice. This lameOar melt 
10 stnnira exitsat89andi$tbBnir«ectBdimoamoU,suchasthatdepfctedinF^ Preferably, the lamellar melt stream 
Is infected into the prefomi coating cavities lOD of in an overmolding apparatus«icb as that bi Figures 1 1 and 12 over a 
pref omi. to f omi a UM-over-iriiect coated prefomi t^ing a barrier byer omsisting of ahemating microbyere of hairier 
material and recycled PET. 

In another exemplary process, virgin PET is appbed through a feed hopper 84 to e first cylinder 86, while 
15 simultaneously, MIO is applied threugh a second feed hopper 85 to a second cylinder 87. The two polymers are 
coextroded at rates to provide a mehstream comprising preferably 60-95 wt% virgin polyethylene terephtbalate and 
pref erebly 540 wt% Ml 0. The two layer meltstream is applied to a layer generation system 88 in which a lamellar melt 
stream comprising the two materials is fomied by dhriding flattening and recombining the mehstream, preferably at least 
twice. This lamellar melt stream exhs at 89 and is then injected into the prefomi molding cavities 98 of the preferred 
mremiolding apparatus described above. This initial UM prefomi is overinjected with recycled PET in the prefomi coating 
cavitfes 100 to produce a preform with an inner layer consisting of alternating microlayers of barrier material and virgin 
PET, ami an outer layer of recycled PET. Such a process may be called inject-over-UM, 

In the multHayer preform. UM-over-inject or inject-over-UM embodiments, the lamellar injection system can b^ " 
used to advantage to provide a phirelity of alternating and repeating sublayers, preferably comprised of PET and a barrier 
material The multiple layere of these embodiments of the invention offers a further safeguard against premature diffusion 
of gases through the sidewel of the beverage comairasr or other food product container. 

H. Fomiation 6f Preferred Contamers by Blow Molding 
The barrier-coated comainen of the presem invemion are preferably produced by blow-molding the barrier- 
coated pref om», the creation of wfaicb is dbdosed above. The barrier-coated pref om» of the presem invention can be 
btow^m»lded using techniques emi conditions very similar, if iiot identical, to those by which uncoated PET preforajs are 
btown into contamers. Such techniques and comlitions for blow-molding monolayer PET prefomn into bottles are well 
known to those skilled h the art and can be used or adapted as necessary. 

GemmOy m such a prm:ess, the prefbmi b heated to a temperature of preferably 90 to 120*C, more preferably 
100 to 105-C, and given a brief period of time to equDibrate. After equilibration, it is stretched to a length approximating 
the length of the final comaimir. Folbwing the stretching, pressurired air is forced into the prefom. which acts to expand 
the waBs of the prefmm to fit the mold in which it rests, thus creating the comainer. 
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Although ttiB present inventiort has been described in terms of certain preferred embodiments^ and certain 
exemplary methods, it is to be understood that the scope of the invention is not to be Emited thereby* Instead, AppGcant 
intends that the scope of the invention be limited solely by reference to the attached claims, and that variations on the 
methods and materials disclosed h^ein which are apparent to those of skill in the art wiS fall within the scops of 
Appfoanfs mvention. 
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WHATISCiAIMmiSr 

1. A bamer-coated polyester article comprising at least one byer of polyester directlr adhered to at least 
one layer of bam'er material wheran said banier material: 

a. comprises a copolyesterdf terephthaBcaddk isophthaBcaddl and at bast oitt 

b. has a glass tranation temperature between 55*C and 140*0; and 

c a permeability to oxygen and c3ri)on dioxldBw«tfc Is less tto 



Z ■n»a«Bnier<oated polyester artida of Claim 1 in the form of a prefo^ 
3. TTw barrier-coated polyester article of Claim 1 in the f oim of a container. 

" ^"'«'*»'«»«8''P'''V»«»arti*ofClairoV,whereiBsajdl^ 
plurality of microlayers comprising barrier material 

5. Tbo barrier-coated polyester article of Cbim 1. wherenilaid barrier material further comprises 
Nanoparticies. 

6. ■nw»»arrier-coatedpolyesterarticleofClaiml,whereinsaidIayerofbarrier^ 
15 0.01 •5.0mm. 

7. The barrier-coated polyester article of Claim 1. wherein said polyKter comprises polyethylene 
terephthalate. 

8. The barrier-coated polyester article of Claim 1 in the form of a preform, wherein said polyester 
comprises polyethylene terephtiialate. 

D 9. The barrier-coated polyester article of Claim I, wherein said copolyester is B-010. 

10. The barrier-coated polyester article of Claim t in the form of a container, wherein said polyester 
comprises polyethylene terqihthalate. 

1 1. The barrier-coated polyester articte of Claim \, wherein said barrier material is not a homogem»ib'^ 
mature of a I 



• 12. A method for making a barrier-coated container comprismg the steps of: 

providing the barrier-coated polyester of Claim 1 in the form of a preform; and 
blqw^^olding said preform to f orai said barrier-coated container. 
IX An injection molded preform comprising: 

a first layer comprising a themioplastlc polyester; and 
a second layer comprisiog an amorphoiB thermoplastic material 
wherein said first layer is thinner in the end cap than in the wail portion and the second layer is thicker in the end 
cap than in the wal portion. 

14. The bgectbn molded preform of Claim 13, wherein at least one of said first and second layers 
comprises a barrier material 

15. The bqeciion molded prefomi of Claim 13. further comprising a third layer comprising recycled 

pohrester. 
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16. The injection molded preform of Claim 13, wheron said first layer Is about 1/3 of the total thicicness of 
the end cap and about 2/3 of the total tMckness of the wall portion. 

17. The Injection molded preform of Clabn 13, wherein zmi second layer consists of a phiraEty of 
microlayers comprising barrier materid 

18. The iiqectton molded jirefoim of Claim 13, whernn said second layer comprises 6) a Phenoxy-type 
Theroioplastic or (ii) a copoiyest^ of tcrephthaBc add, isopbtbartc add and at least one dioL 

19. The faqection molded pref omi of Claim 1 3, wherein said first layer is the mnennost layer. 
2a The injection molded prefomi of Clakn 13. wboetn said preform is made by an overiiqecftm prooss. 

21. The mjection molded preform of Claon 13, wherein said polyester is polyethylene terephthalate. 

22. A mulWayer article comprismg a waD portion comprWng an 
layer, whereim 

a. 5aid inner multiH»mponent layer has at least two discrete.subte^^^ 
surface between said sublayers and extends longitudinaOy of said article, one of said sublayers compridig 
polyester and anotiier of said sublayers comprising a barrier material comprising a (i) a Phenoxy-type 
15 Thermoplastic or (ii) a copolyester of terephthalic acid, isophttialic acid, and at least one diot said barrier 

material having a permeability to carbon dioxide of no more than one^thW of the permeability to carbon dioxide 
of polyetiiylene terephthalate; 

h. sad outer layer comprises recycled polyester; and 

c. said inner muhi component layer and said outer layer comprises materials with an absolute 
20 refractive bdex of 1.55*1.75. 

23. The article of Claim 22, wherein said inner multi-component layer comprises at least three sublayers 
wherein tiie composition of s^ sublayers alternates between polyester and barrier material 

24. The article of Claim 23, wherein said inner multi-component layer comprises at least two sublayers of 
polyester in alternating configuration whh at least two sublayers of said barrierrhateriaL 

25 25. The article of Claim 22 in tiie form Kif a preform. 

25. The article of Claim 22 in the forni of a container. 

27. The article of Claim 22. wherwn saU polyester comprises polyethylene terephtfialate. 

28. The article of Claim 22, whernn said sublayer of polyester fornis tiie mnermost layer of said multi- 
component layer. 

30 29. The article of CUm 22, wherebi said mm mtdti-component layer is no thicker than the thickness of 

said outer layer. 

30. A midti-iayer preform comprise a wall portion having an inner layer and an outer layer, wherem: 

a. said inner layer comprises polyester, extends longitucfinally of said preform temiinating in a 
threaded neck rprisb section having externally upset threads to receive a closure member, has a support ring at 
35 the tower end of said tiireaded mk finish section, and has a thickness of at least two mniimeters and an 

absolute refractive index of 1.55*1.6% 
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t safd outer layer contends with sad Inner layer to tcrminato bebw said support ring and 
comprises & a copolyester of tercphthalic arid, isophlhaBc add, and at least one diol or (ii) a Phenoxy-type 
Thennopiastic selected from the groi^ consisting of polylhydroxy ether), polylhydroxy ester ctberlr and 
polyftyibxyamino ether), wherein said outer layer has a pemieability to oxygen less than that of said Inner layer* 
and a thickness of no more than ona^f ourtb the thickness of said inner layer; and 

c said outer layer has an absolute refracth^e index of a value to provide a ratio of said 
refracthre indices witiro the rang 

31. The preform of Ciain 3Q, whwem said prefomi comprises a neck cylinder section immediately below 
said support ring and a transition section below said neck cylinder section which is tapered downwardly to a reduced 
diameter body portion of said prefomi and wherein said outer layer of said wail portion extends over said body portion, said 
transition section and said rack cyBnder section to temiinate on the underside of said support ring. 

32. A method for making a barrier coated polyester article comprisingthe steps of: 

(1) providmg a polyester article wherein at least one surface of said polyester article is at a 
temperature of at least lOD'C; and 

12) placing a banrter material on said heated surface of said polyester article to form a barrier 
coated polyeiiter artich^ wheron said barite material 

a. comprises 0 a Phenoxy-type Thermoplastic or (ii) a copolyester of terepbthalic 

aodr isqibtbafo add and at least one ifiot 

h. has a glass transirion temperature between 55'C and 140*C; and 

c has a permeability to oxygen and carbon dioxide wMch is less than that of 

polyethylene terepbthabte. 

33. The method of Odm 3i wherem said polyester artide is in the f omi of a preform. 

34. The method of Clann 32r wherein said polyester article is in the form of a preform, further compriskig - 
a step wherein said preform b bbw mobfed to form a comasier. 

35. The method of Claim 32r wherem said barrier material further comprises Nanopartidei 
3& The method of Clam 32, wherein sdd polyester is polyethylene terephthalate. 

37. The method of Claim 35, wherem said barrier material comprises poiyOiydroxyanmiD etherli 

38. The method of Claim 38, whereki said barrier material comprises a copolyester of ter^thaEe add, 
isophthalic add and at least one dioL 

39. The method of Claim 38, wherein saM at least one diol comprises ethylene glycol 

40. The method of Ctam 32, wherem said artide is in the form of a conta^^ 

41. The method of data 39, wherein the barrier material on said artide ha$ a thickness of 001 - 5.0 mm. 

42. The method of Chen 32, whmin step (2) is done by dp coating the polyester artide: 

43. The method of Claim 32, wherein step C2) is done by spray coating the polyester artide. 

44. The method of Claim 32, wherein step (2) is done by flame spraying the polyester artide. 

45. The method of Claim 32, wherein step (2) is done by electrostatic spray coating the polyester article. 
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48. "nwBWiiod of Cteiro 32, wherein $tq^ 
powoBM osnwinaiBiiaL 

47. Ito method of Claim 32. wherein step (2) is done by oveimolding the polyester artide with a melt oi 
barw material 

48. The nwihod of CIamj32r further compr^ 

{3) ovenholifing said barrier coaled polyester article with a layer comprising recycled polyester* 

49. A method for roakmo a bamer coated polyester artide comprislnaft^ 

a. mjecting moitM firS material comprfsmg polyester tijrough a first gate into tfw space 
defined by a first mold half and a com mold half to form a polyester artide comprisbg an imier surface and an 
outer surf acQr wherein said first moU half and said core mold half are cooled by drortathig fhaU and said fost 
mold half con&cts the outer polyester surface and said core moid half contacts the inner polyester surface; 

b. aDowing said mohen polyester to remain in contact with said mdd hahres until a skin f orow 
on said inner and outer polyester surfaces, said skin surrounding a core of molten pdyester in said polyester 
artidei; 

c removing said ffrst mold half from said polyester artide; 

d. aDowing the skni on said outer polyester surface to be softened by heat transfer from said 
core of molten pdyester whilB said inner polyester surface is cooled by continued contact with said core mold 
half; 

e. piadng said polyester artide into a second mold half, wherein said second mold half is cooled 
by drcdatmg fluid; 

f- injecting a molten second material comprising barrier material tiiroUgh a second gate into the 
space defined by said second mdd half and said outer polyester surface to forni a barrier coated polyester artide 
comprising a barrier layer comprising barrier material on said outer pdyester surface; 

g. aBowiiq said molten second material con^rismg barrier material to remain m contact witfi at 
teast said second mdd hdf; 

h. renuhrihg Said second mold half from said bamer coated polyester artide; and 
L removing said barrier coated polyester artide from said core mold half. 

50. The metiiod of Ctdm 48 wbemin said barrier materid comprises & a Phenoxy-type Therinoplastic or 
m a copolyester of terephtiiafic achl Isofditiiafc adi and at least one dtoL 

51. The metiiod of CIdm 49 Vtfherrinsdd barrier materid comprises p^^^^ 

51 The metiiod of Oaim 49 wherdn sdd layer of barrier materid condsts of a phiraCty of microlayers 
compridng barrier mateiiaL 

53. The metiiod of Odm 49 vdierein said banrier coated polyester arthde is a pref orm. . 

54. The metiiod of dam 53 further comprising a step of blow molding said preform to form a contmner. 

55. The method of Claim 49 wherdn said pdyester artide is thinmist in die region nearest said first gate 
and said barrier layer is thickest around die region nearest said secoiUl gate. 
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5R Tb0 method of Claim 49, wbere&i step Wis perfonmrfhM 
57. The method of Clam 49, wherein step (b) is perf ommd m M2 seconds. 
Sa The method of Claim 49, wheran step (g) is perfcmned m 5-15 seconds: 
51 The method of Claini4i wherein step (g) is perforaimd m 8*12 seconds. 

60. The method of Chnrn 49, wherein steps [tl (dL and (e) ars perfom»d in a total of MO seconds. 

61. Themethod of Claim4awhBrcm steps (c).(ej are performed in a total of 1-3 S8 

82. The method of Claim 49, wberon steps (a) • |i) are performed in a total of 20^ seconds. 
61 Tho method of Claim 49, wherein steps (a) • (j) are perf omned in less than 25 seconds. 

64. The method 4)f Claim 49, wherein said coremeld half is mounted on a rotatable platen wherrin rotation 
of said rotatable plate moves said core mold ball from a position opposite said fnst mold half to,a position opposite said 
second mold half. 

65. The method of Claim 49, wherein said first and second mold halves are mounted in a digb stationary 
block, wherein said block is dhnded to provide separate controls and conditions for each of said mold haWes. 

6B. A process for the production of a multiJayer plastic container compri»ng the steps of: 

a. providmg a first polymer comprising a polyester and a second polymer comprising a 
copolyester of terephthalic acid, isophthalic acid and at least one diol; 

b. injecting said first and second polymers through a lamellar injection system to provide a 
composite muftl lamellaB stream having at least one discrete lamella of polyester and at least another discnte 
lamella of said copolyest^ 

c. supplying said composite stream to a mold to iom an initial preform having inner and outer 
sublayers comprising polyester and said copolyester, said sublayer comprising said copolyester having a 
pernieabifity to air which is less than the pemieabflity to air of said sublayer comprising polyester;' 

1 supplying recycled polyester over said initial preform to form an outer layer around saiJ ' 
ira'tial preform to fomi a fmal preform; and 

e. subjecting said final preform to a blow molding operation to form a multHayer plastic 

container. 

67. The process of Claim 66, wherein said recycled polyester is applied over said preform in an amount to 
provide an outer layer which is thicker than at least one of the inner and outer sublayers provided in step (c). 

68. The process of Claim 6B, wherein said first and second polymers are injected through said lameBar 
injection system in relathre amounts to provide a thickness of^aid discrete lamella of said copolyester wbfch is less than 
the discrete lamella of polyester. 

69. The process of Claim 66, wherein said at least one diol comprises ethylene glycol 

70. The process of Claim 68, wherein said composite stream is supplied to said mold such that the 
polyester f omis an mner sublayer of said initial pref omi and said copolyester forms an outer sublayer of said Wtial pref omi 
wherein said outer sublayer covers said inner sublayer. 

71. The process of Claim 70, wherein said first and second polymers are coinjected through said lamellar 
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w^ectlon v/ttm m relative amounte to provide a tMckness of sotd outer sublayer of said copoiyester which 1$ less tfian the 
thickness of said inner layer of polyester* 

71 The process of Claim 66, wherein said first and second polymers are colnjected through said lamellar 
injection system havmg at least one layer multiplication step to provide a composite muitf-lmeRa stream having a plurality 
of discrete famella of polyester and a phiraBty of discrete bmolla of said copolyester and said multi4amella composite 
stream is suppEed to said mold to fomi an initfai preform having a phirafity of sublayers of polyester and a phiraEty of 
sublayers of said copolyester in a inuhMayer sandwich configuration. 

71 A process for the production dfli muItiJayer plastic container, con^ri^ng the steps of: 

a. supplying polyester to a mold to form an initial preform comprising polyester of a thickness 

sufficient to form a self-supporting structure when removed from said moid; 

h. providing a first body of a thermoplastic polymer comprising recycled polyester and a second 

body of tiiermopiastic barrier polymer comprising (!) a copolyester of terephtitafic acid, isophtiialie acid, and at 

least ime dial or (ii) a Pbenoxy*type Thermoplastic; 

c injecting said thermoplastic polymer and said thennoplastic barrier polymer through a 

lamellar ii^ection system having a coextrusion feed block unit to provide a composite multi-iamella sueam having 

at least one discrete lameDa of recycled polyester and at least one discrete lameDa of said thermoplastic barrier 

poiymei; 

1 supplying said composite stream over tmd iratial preform to form a final preform wherein 
said composite stream comprising sublayers of recycled polyester and said thermoplastic barrier material 
overtays s^ Inhiai preform of polyesten and 

e. siAjectmg said final preform to a blow molding operation to fomi a multilayer plastic 

container. 

74. Tha process of Cl^ 73 wherein: 

said biitiai prefonn comprises a neck portion at the upper end tiiereof and a body portion at the lower 
end thereofp.wherm said ne^ portion comprises a support ring at the lower end of said neck portion and said 
neck pi^on has a threaded finish; and 

said compositB stream is supplied over said body portion of said initial pref omi and terminates on tiie 
underside of said support ring. 

75. The process of Ciakn 73, wherein said recycled polyester is recycled polyester or post-consumer 
polyetbyiene terephthalate. 

76. The process of Claim 73, wherein said thermoplastic barrier polymer is polylhydroxyamino ether). 

77. The process of Clarni 73, wh^n said at least one diol comprises ethylene glycol. 

78. A method of making and coating preforms^ comprising the following steps: 

doong a mold comprising a stationary half and a movable half, wherem said stationary mold half 
comprises at least one preform molifing cavity and at least one preform coating cavity and said movable mold 
half comprises a rotataide plate having mounted ttiereon a number of mandrels equal to the sum of the number 
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of prdonn molding cavities and prefoim coat^^ 

iivecting a fitst material into the space defined by a mandrel and a preform molding cavity to form a 
preform having an inner surface and an outer surface; 

opening sad mold; 
5 rotating said rotatable plate; 

closing said mold; 

injecting a second material into the space defmed by said outer surface of said preform and sdd 
preform coatmg cavity to form a coated preform; 
opening said mold; 
10 removing said coated preform. 

79. The method of Claim 78, wherem said preform mobEng ca]nties and said preform coating cavhfes 
occupy separate halves of said stationary mold half. 

80. The method of Claim 78, wherein said preform is not sofid or cured prior to mjection of said secontf 
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